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Wednesday December 11, 1985 

Technology Transfer Conference No. 6 

9:00-9:20 OFFICIAL OPENING METRO CENTRE 

The Honourable Jim Bradley 

Minister 

Introduced By 

Ed Piche, Chairman 
Research Adv/isory Committee 

Feature Pepers Introduced by: David Balsillie 

9:20-10:20 Feature Paper 1: 

"Identification and Comparative Risk 
Assessment of Airborne Carcinogens 
from Combustion Sources" 

Speaker: Joellen Lewtas 

Chief. Genetic Bioassay Branch. 
Health Effects Research Lab., 
US-EPA. Research Triangle 
Park. USA 



10:20- 10:45 Feature Paper II: 

"Chlorinated Dioxins and Dibenzo 
Furans in Ontario -Criteria for 
Developing Environmental Standards" 

Speaker: Brenden Birmingham. 

Ministry of the Environment, 
Ontario. 



10:45-11:00 COFFEE 



11:00-5:15 SESSIONS 

Session A Air Quality Research Metro West 

Session B Water Quality Research Metro Centre 

Session C Liquid & Solid Waste Research Salon A 

6:00-7:00 RECEPTION 

7:00-8:30 BANQUET 

8:30 9:45 GUEST SPEAKER and FILM 



Wednesday, December 1 1. 1985 



Metro West 



Session A 



# 


Tim*' 


ArP rjtlALMy Krs^:AHcH 


I 

2 

3 


U:On-l| ;30 
1 1:30-12:00 

12;0D-12! 30 


Chair*an Davifi Balaillie Air Resourcea Branch 


"BiolCKjii^al ani3 Chemical Testing of Coke Oven 
Emissions" ; 

C. "Thomaa, J. Craiqmile, B. Dna, anil A. Morton: 
Ontario Hese^irch Foundation. 

"Experimental Ly Determined MutatiQn ftatea in Lung and 
Brgnchial Epithelia as a Primary Air t»ollution 
Ktani-Iard" ; 

J, A. Heddle, K- Jain, H. Kaul, and D.B. Couch- 
department of Biology, Yory University, 

"Factors that Influence AssessnentF of Health Effects 
of Ai r Pollution"*; 

P. C^orey, F. Silverman, A. Avionani t is. S. Mlntz. 
and H.H. Huaein: 
The G-age Institute, University Of Toronto. 



12:30-2:00 



2!O0-2!30 



3:00-3:30 



Chairman ChaBcaf purigan 



Air Resources Branch 



"Environmental Modelling of Toxic Substances in 
Southern Ontario"; 

D. HacKay , S. Paterson, W. V- Shiu, and C- Charles: 
Department of Chemical Engineering and Applied 
Chemistry, University of Toronto.. 

"hlagnoetic Testing of the SWARU Installation in 
Homi Iton" r 

J . Trought , V. OBvacic*, and S. Thorndyke**, IMETj 
'MTnTiTry^o f the Environment and *■* Ontario Beaearch 
Foundation. 

"Chemical And Physical Characterization of Airtsorne 
Particulates and Their Sources Through Multielement 
Analysis and Receptor Modelling": 
T-G. Pringle and R.E ■ Jervis f 

DepartmeTit of chemical Engineering and Applied 
Chemistry, University of Toronto, 



3:30-3:45 



3:45-4:1 5 



4:45-5:1 5 



Cliairman Don Mackay University of Toronto 



"Study of Conditiorts for Condenaacian and pe&orption 
of PCDD on Particulate Matter Under Stack Sampling 
Cond re ions" j 

F.W. Karasek ^ and L.C. Dickson; 
Department of Chemistry, University of Waterloo 

^Asseasment of Toxicity of Ingested and Inhaled Halo- 
Aromatic Hydrocarbons"; 

CD- Sweeney, D-A. Clark , and j. Gauldie: Dopartaent 
of Medicine, McHaater University. 

"Thxe Rapid Screening o£ Municipal F^efuse Incinerator 
Fly-Ash and Stack Gaa for PCDD/PCDF Using a 
Tranaporcable Tandem Ma«3 Spectrometer (GC/HS) 
System" : 
Boni Shuahan , and Angie Ngo: Sciex Ltd., Ontario. 
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Wednesday, December II, 1985 



Metro Centre 



Session B 



t 


Tlae 


WATER QUALirf RESEARCH 


10 

11 

12 


lliOO- 11:30 
11>3Q-12:00 

12:00-12:30 


Chnirjnan Gerrv Ronan Laboratory S*rvicaa Branch 


"Trace Organic Contanlnant Reinoval from Drinking Water"j 
J, Hilton, and K* Machacekr 
KacLaren Plansearch Inc. 

"Pilot Testing program For Potable Water Treatment For 

Coloured Northern Ontario Water": 

T. Constantine, K. Sahamoto, and G. Lai: 

H.M. Dillon Ltd. 

"Defluoridation of Anabel Township Groundwater': 

P. Haliday; 

Proctor & Redfern Ltd. 



12:30-2:00 



Chairqidn Boris BoyT^o 



Went Central Region 



"Sediment and Pollutant Accuaulation in the Huiiber Rivax 

Marsh" r 

Jane Weninger , and A. Jopling; 

Departnent of Geography, University of Toronto^ 

"Regional Geochenical Stratification of Shall'^w 
Groundwater Resulting Ftoio Catchiient Urbanisation"; 
K. Howard , P, Pilon, and H. Fa lit ; 
Scarborough College, 'UnivetBity of Toronto, 

"The Effects of Tile Drainage and Open Ditches on Peak 

Flows and Dry Weather FIowb" • 

W.E. Watt , and J. Paln«j 

DepartKent of Civil Engineerlngj Queen's University* 



Chairman Erv Hcintyre Enviconawntal Approvals Brancti 



" Pte-Peasibility Study on Expansion and Upgradin'^ Of 
Port Dover Sewage Treatnent Plant' ; 
Harja KeHeher. and C Papadopol ; 



MacLaren Engineers Inc. 

"The Effects of Wastewater Quality on ultraviolet 

Disinfection^' r 

G. Elliot Whitby*, G. Palnateer** , F. Boon*, and 

E , Janzen** ; 

•Trojan Technologies and **Mini*tcy of the Environnent. 

"The Technical and Econonic feasibility of Retrofitting 

Eiisting Municipal Treatment Plants In Canada For 

Biological Phosphorus Renoval; 

S. Hutt; 

Canviro Consultants Ltd- 



—5— 



Wednesday. December 11. 1985 

Session C 



Salon A 



t 


Time 


- ■ 1 
LIQUID AND SOLID WASTE RESEAHCH 


19 

20 
2\ 


1 1:0D-Ili30 

Il!30-12;00 
12iO0-12:30 


Chairman Ron Gotta Waste Management Branch 


"Haiardoufi Ocganic Chemlcala in Groundwater at Ontario 

Landfills" ; 

J. Cherry, J. Barker, M- Zapico, M- Moore, and 

N. Genaky: 

Institute for Groundwater Research, University o£ 

Waterloo 

"The Accurate Deterni nat ion of In-Situ Concentrat lone Of 

Volatile Hydrocarbons in Groundwater at the Gloucester 

Landfill Site, Ottawa, Ontario"r 

W. Gorman, and fl. Devlin: 

Department of GeOlOgicJil Sciences, Queen's University. 

"Design of Groundwater Monitoring Programs For Waste 

Landfill Sites" : 

R. Schwartz, and P. Byer; 

Department of Civil Engineer i ng. University of Toronto- 



12!30-2r00 



2:00-2:30 



Chairman Tom arydges Acid Precipitation Office 



"An In-Situ Method For Determining Rates of 

Deni tr i f icat ion in Groundwater" r 

D. Miller, R. Gillhaai , and R . Starr ,- 

Institute for Groundwater Researchj University of 

Waterloo^ 

"Selection of Aeration Devices"; 

J . GancEarctylt : 

J. Ganczarczyk Ltd., Toronto. 

"Composition, Mineralogy, and Morphological Nature of 
Industrial Wastes and Their Leachabi 1 i ty" ; 
J. Kraraeri and 0. Hutiroch: 



Department of Geology, McMaater University. 



4:1 5-4:45 



Chairman Ivy Wile 



I n t erQovernnen ta 1 Relations and 
Hazardous Contaminants Branch 



"Modelling the Movement Of Vapours From Hazardous 

Liquids in soil"? 

R.A. Allan, Gp Fa rgutiar , and K. McBeanr 

Department of Civil Kng ineeri ng, University of Waterloo. 

"Possible Effects on Groundwater Quality of the Use of 
Liquid Industrial Wastes For Duet Control on Ontario 
Roads" : 

A. Abdul, R. Gillham . J. Barker, and R. Carter; 
Institute for Groundwater Reaearchj University of 
Water loo. 

■"co-disposal of Industrial and Municipal Wastes" r 
D. Kirk, and H, Lau; 



Department of Cbemloal Engineering, University of 
Toronto. 
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Wednesday. December 11. 1985 

600 ympr. RECEPTION 



FRONTENAC FOYER 

AND 

QUEEN'S QUAY AND BAY ROOM 

(Cash Bar) 



7:00-8:30 p.m. BANQUET 
FRONTENAC ROOM 

GUEST SPEAKER 

First Canadian Woman Astronaut 

ROBERTA BONDAR 

"ICE AND RADAR SATELLITE' 



Introduced by 

ROD McLEOD, 

Deputy Minister 



Followed by the film on Space Shuttle Mission 41G of 

October 1984 on which the CANEX Experiments were 

operated by Canadian Astronaut Marc Gameau. 
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Thursday December 12, 1985 



METRO CENTRE 



Feature Papers Introduced by: Ron Gotts 



8:30-9:30 Feature Paper 111: 

"Volatile Organic Carbon from Land 
Disposal of Waste -Mechanism of 
Emissions and Control Strategies" 

Speaker Louis Thibodeaux 
Director, 

Hazardous Waste Research 
Institute. 

Louisiana St. University, 
Louisiana, USA. 



9:30 - 1 0:1 5 Feature Paper IV: 

Toxicological Evaluation of Great Lal<es 
Drinking Water": 

Speaker: Ian Munro 
Director, 

Canadian Centre for Toxicology, 
Guelph. Ontario, Canada. 



10:15 10:30 COFFEE 



10:30-4:45 SESSIONS 

Session A Air Quality Research Metro West 

Session B Water Quality Research Metro Centre 

Session C Liquid & Solid Waste Research Salon A 



4:45 CONCLUSION 



Thursday, December 12, 1985 



Metro West 



Session A 



* 


Time 


AIR QUALITY RESEARCH 


28 

30 


lOtaO-lliOO 
lli00-ll:30 
!l:aO'12:00 


Chaiman Kin Sbikase EPS, EnvlrGnaient Canada 


"Blood Lead and Associated Risk Factors In Ontario 

Chi Idren" ; 

L. SiniCh, C. Duncan*, and J. ' Heany** 

MiniBtriea of Health, *Environnent and **Labouc, 

"The Dispersal of Air Particulates on a. Short and 
Long-Term Scale"? 

J.D- MacArthur, G.k, Palmer, and Xin-Pei Ha ; 
DepartJDent of Physlce, Queen'A Univer,sity> 

"[Jose-Resporise Studies of Gaseoua Pollutanto on Food 

Crops" : 

D. Ormrod. and J.M. Petitte: 

Departnent of Horticultural Science, University of 

Guelph- 



12:00-1:30 



l»30-2!O0 



2jOO-2i30 



2l3O-3:O0 



Chairman Doug McTaviah Southwest Region 



"Use of the Direct Sample Insertion Device for Sample 
Vaporisation in the Inductively Coupled Plasma for 
Atom.ic and Has9 Spectrometry" ; 
E- Salin, R.L. Sing, D.W. Boomer*, andM. Powell*.- 



Department of Cheaistry^ HcGilL University, and 
*OntariQ Ministry of the Environment- 

"Identification of Selected PAHs in a Hamilton-Ontario 
Air Sample By Shpol'sJcii Spectroscopy"; 

CM. Sadowski* , S.p. Filseth*, G. Parnel, and F- Morgan; 
Departments oT Chemistry* li Physics, York University. 

"The EiiLChange Of Air Part ic^lates Between the inside 
and Outside of a BuHding"; 

J.D. MacArthur , G-R. Palmer, and Xin-Pei Ma; 
Department of'Physlcs, Queen's University. 



3:45-4:15 



Chairman Jim Hunt 



Concord Scientific 



"Feasibility of Determining SOj Mass Emission Fluxes 

by St aclc scanning" ; 

B.C. Mitchner , and r.A.H- Buxton; 

Monl teg""Lt<*. . Ontario. 



"Gaa-Phaae Photocheni stry of Polychtorinated Siphenyls; 

N> Bunce , and Jo-Anne Langshaw" j 

Department of Chemistry, University of Guelph. 

"Fundamental Study on the Ctepoeitlon of Aerosols on 
Cylinders in Turbulent Cross Flows'"; 
P.L. Ppyglaa , and S- I I i aa ; 

Departtteot of Chemical Engineering, Queen's Univeraity- 



rhursday, December 12, 1985 



Metro Centre 



session B 



• 


Tlse 


WATER QUALITY RESEARCH 




10:30-lliOO 
Il:00-Ili30 
H!30-l!:00 


Chairnan Jin Bt»hop Water Resources Branch 


37 
38 
39 


"The Aaseasment ot a Point Source Discharge of Suspected 

Mutagenic and Carcinogenic Contaalnanta: An 

Epideniologlcal Approach" ,- 

I. Snith, and H. Ferguson; 

Fish Pathology Laboratory, University of Guelph. 

"DevelOEBient of Predictive Organic ContaBjnant Structure- 
Property-TOiicity Relationships for Aquatic Organi««s"i 
e. Mackay, S. Abernethy, and C. Charles; 
Institute for EnvironnentaL StudieSi University of 
Toronto. 

"The Significance of Neoplasia in Fish Populations"; 
H. Ferguson, M. Hayes, J. Heeney, B. HioKs, and 

I. SBith; 

Departnent of pathology. University of Gualph. 



X2iO0-li3tI 



Ii30-2i00 



Chairman Carl Schenk 



Water ReaourceH Branch 



"EpideBiological study of Disease Inci<lonc« and 
RBcreational Water Qoality at Select«ci ConHcrvation 
Areas in Southern Ontario"; 
Pfttrtcla Seyfried , and Nancy Browor 
Faculty of Medicine. University of Toronto. 

"Fingerprinting the Toronto Watftrfront: A Method For 

Deteraiininq the Sources of Bacterial Pollutants"; 

W. BCadbury , M. Marlta, D. Rego, M, Young, JE - Harris, 

and p. Seyir i ed ; 

D«part«ient of Microbiology * Toronto General Hospital, 

university of Toronto. 

"Validation and a Possibl* Reassesaaent of Clan Caging 
EJiperiaents Using Elllptjo Co^^lanatus as Biononitors for 
Toxic Contamin«ntB~in Water"; *" 
p. Hebert , B. Huncaster, and C- Pug&tey; 
Groat LaVes Institute, University of Windsor. 



4115-4:4 5 



Chairman Gerry Bees t,aboratory Services Branch 



"Revised Monitoring Scheme Eor Persistent ,and Toxic 

Organica in Great Lakes Sports Fish"; 

J, Coburn , H. Huneault, G.A, Rees* , and G- Crawford; 

2anon Environnenta L Inc., and •Ontario Ministry of the 

enviconperit 

"Development of a Cost-Ef feet i ve Protocol £or Routine 

Analysis of Trace organic Contaminants in Municipal WPCP 

Rbm sewdge And Final Effluenfr 

J > Ha £ t i n. ^ Cicillia Chan, and D. Sutherland: 

Mann Testing Laboratories Ltd. 

"AnaLysia of Chemicals Used at Water Treatment Plant*" r 

F. Karasek f and T- Thos^^sOn: 

Department of Chenistry, University of Watecloos 
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Thursday. December 12, 1985 

Session C 



Salon A 



# 


Time 


LIQUID AfaD SOLID HASTE RESEARCH 


46 

47 
4B 


il:00-lti30 
Ilj30-12r00 


Chairaan Steve Salbach Ua«te Management BrancJi 


"Effects of Increasing Amounts of Non-Polar Organic 

Liquid* in Domtatlc Waste Leachate on the HytJraglic 

Conductivity of Clay Liner* in Southern Ontario"; 

H. Quiql*y, and F- Fernandez: 

Gootechnical Research Centre, UnlveEsity of Wcflt«rn 

Ontario. 

"Goomechanical Investigation of Mear-Surface Fractur** 

in Clay Tills" ; 

M. EXjaaeaultf and fi,, Vorauer; 

Departaent of Earth Scl«nc«B, University of Waterlco. 

"Waste Hanagenent Planning For the pharnaceiat icai 

Industry" t 

R. Stairs, and R- Ma)chija; 

Departnant of Chemistry, Trent University. 



12:00-1:30 



*9 

50 

51 


1:30-2 
2:00-2 

2; JO- 3 


00 
30 

00 


ChairBSh JOhfi Hilton M«eU«r*n PUB«e4tch Inc. 


"BefuBe Pyrolyais Emission Testing"; 

S. Thorndyker 

Ontario Research PouniHtion. 

"Approaches to Hinialting Solvent Effects in 

Mutagenicity Asseys"; 

D. Logan, S. Chiu, end M. Salanone*; 


YorVUnTversity, "Hinutry of the Environment. 

"Leaching Studies of PCDD and PCDF Pros Municipal 

Incinerator Flyaah" : 

F. Karasek, H. Tonq. and G. Revel; 

Department of Chemistry, University of Waterloo. 



3iOO-3rl5 



SjIS-JMS 



3:4S-4:1S 



ChairBLan Pon ftartViw Waate Management Branch 



"l^evelopnent and Validation of Protocols for San^ling 

Surface Water and Groundwater for Organic Contaminants'": 

J.^ BarXer , and G. Travis; 

fnaVItute for Groundwater Research, University of 

Waterloo. 

''Laboratory Study of the Tile Drain Efficiencies for 

Leachate Collection"; 

R. FftfVQlden f Ar Abdul, R, Carter, and R, Giilhanr 

Institute for Groundwater Research, University of 

Waterloo* 

■DeveLopment of Deeiqn Criteria for Optimal Recovery of 

Leachate Under Sanitary Landfills^; 

AsAbdut, L, Arnaud, R. Gillhan, and R. Parvolden; 

Institute for Groundwater Reeearch, University of 

Waterloo* 
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Papers presented at previous conferences 

TECHNOLOGY TRANSFER CONFERENCE NO. 1 



-Envlronmeotal Effects at Waste OU as a Road Dust Suppressant. 

-The Effects of Rnad Olllna on PCB Accumulation in Aquatic Life 

-Waste Oii Utilization, 

-Blo-accumulation Rates, Acute and Chronic Effects of New Dielectric Fluid 

Products on Fish. 

-Factors Affecting ttie Accumulation of Organics In Fish. 

-The Problem of Abandoned Mines In Ontario - A Confrontation with History. 

-Methodology for Ceveloptng a Quantity and Location Inventory of Hazardous 

Compounds in Ontario. 

-Ontario's Seven Point Program for Liquid Industrial Waste Disposal. 

-Environmental leipslrmenl Liability Insurance. 

-Subsurface Contairilnant Migration from Landfills -Research Results. 

-Organic Contaminant Removal in l>rinking Water - An Overview. 

-Organic Contaminant Removal In Dtlnklng Water - Field Experiences. 

-Viruses and the Environment. 

-An Application of Thermal Sensing Techniques. 

-The Pickering "A" Thermal Plume During Winter Months. Some Preliminary 

Results from a Co-operative Study, 

-The Uptake of Methylmercury by Walleye through a Sinmlaced Ecosystem as a 

Function of Selected pH Regimes. 

-Atmospheric Deposition of Mercury in Ontario. 

-Event Precipitation Samplers or Use in Acid Rain Studies. 

-Definition of the Sphere of Intlueoce of the Mining Activities at Elliot 

Lake, Ontario by Assessment of the Levels ol Uranium and Other Elements in 

Lichens and Mosses. 

-Acid Rain - An Overview ul the Ontario Program. 



TEGHNOLOGV TRANSFER CONFERENCE NO. 2 



-Elliot Lake Radon t^as Removal Program Research Impleraentation & Results 

-Suppression of Immune Defences by Halogenaced Aromatic Hydrocarbons 

-PCB Spill Clean-up near Dowling, Ontario 

-PCB Disposal and Management In Ontario 

-Chemical Identification & Biological Assay of Polycycllc Aromatic 

Hydrocarbons & other Potentially Environmental Mutagens 

-Sumaary of Nine Years of Investigation of Seuage Sludge on Und 

-Heavy Metal Contents of Field I, Vegetable Crops Crown on Soils Treated 

vith Sewage Sludge 

-Gas Production and Migration at Closed Landfill Sites 

-Contaminant Occurences In Ilnconf Lned Sand Aquifers at Two Munit ipal 

Undfills 

-The Kennedy-Burnett Storrowater Treatment Pond Study-Some Preliminary 

Results 

-Waste Water Renovation using an Artificial Fond 

-Organic Contaminant Removal Trial of Granular Activated Carbon at City 

of BrantEord Water Supply to Removt Trihalonethane Precursors 

-Incidence of Micro-organisms of Public Health Significance in 

Receiving Waters 

-Biomonitorlng of Organics in Drinking Water Supplies 

-Transport of Pollutants in Natural Streams 

-The Majnilton Study: Effects of the Breathing Environment on the 

Respiratory Health nf Children 

-An Assessment of Street Dust k Other Sources of Airborne Particulate 

Matter In Hamilton, Ontario 

-Lead and Cadmium Values in Autopsy Material 

-Nonltoring Fish Populations in the Acid Stressed Lakes of haliburton, 

Muskoka 

-Use of Fresh Water Clams in Monitnrlng Trace Contaminant l^mlssions 

-Research Keeds of the Ministry of the Knvironoent 
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TEGltNOl;0CV TRANSFEB CONFERENCE SG. i 



-Characterizaclon & lt!*oclf ic^tion of Organic Sgbstances In Drinking 
Water 

-Ozone aa an Alternate to Chlorine for i3rlnking Water Dlslnf GL-tlotj 
-Evaluating Sequestration Options for Iron l* Manganese Control 
-Surface Phocochemlstry of Adstirbed Organic Species 
'■Meaeurement oi Total Organic Chlorine In Industrial Wastes 
-Application of Ultra Violet Disinfection Technology In Ontario Uater 
Pollution Ctmtrol Plant Effluents 
-Groundwater Mounding under a large Leeching Bed 
"Arsenic Wast*- Treatability Studies-Deloro 
-Rural Runoff Pollution and Control Options 

-Evaluation of the PerfDcmante of a Combined Sewer Overflow Retention Tank 
-Toxicity of Aiid & Aluminum to EarJy Developmental Stages of Kainbow Trout 
-Subletliai Effects of Acid h Aliimlnum fjiposute on Juvenile Rainbow Trout 
-Aiurainum Transport in Acidified Streams during Spring Snowrnelt 
-Aquatic Toxicity of Multiple Organic CompoundS'-Chlorlnated Benzenes 
-The Availability of Pliasphorous in Sevage t» Sewage Effluent to a Blue- 
Green Alga-Anacyst is Nldulans 

-Dissolved Oxygen Depletion in Hamilton Harbour-Laboratery Measurements 
and Model Predictions 

-Air Pollution Indoors, Outdbora, Ail Around the Town 

-An Aseessment of the Environmencai Fate and Hazards of Toxic Substances 
-Portable Mlero-Computer Program for Modelling Toxic Gas Dispersion in 
Emergencies 

-Developni.?nt of a Combined Aerosol tmpactor Electothetma 1 Atjmlzer fv>r 
Real-TlHif Environmental Analysis 

-Standard Air Samplers for Measuring Inhalable Particulates 
-Review af HOE Research ActiviLle.s 



TECHNOLOGY TKANSFER CONFERENCE NO. ^ 

-Feasibility of Sterile Male Approach to Control the Onion MAggt>t 

-Development of Methods tor the IJetectlon of Rotaviruses 

-The Epidemiology of SwimminjL; Kelated Illness at Selected Conservation Arsas 

-A New Potable Water Treatment Method for Trlhaloi&echane Precursor & 

Syntlietlc Organic Remouul 

-A Full-Scaie Study of Uitraviolet Disinfection of Secondary Effluents 

-Measurement of Infiltration through Landfill Covers 

-The Use of Harghlands In Wastewater Treatment 

-Relationfihip of Indoor to Outdoor Air Quality in Hamilton Homes & Schools 

-Combined ApplLcation of nzone i* Chlorine or Chloramine to Reduce 

Production of Chlorinatwi Organlca in Disinfection of HlRh DOC Drinking 

Waters 

-Chemical identification i. Biological Assay Studies Of Environmental 

Mutagens, Promoters and Inhibitors 

-Collaboration Study on Short-terra Tests tor Cenotoxicity & Carcinogenicity 

-Suppression of Immune Defences by Halogenated Aromatic Hydrocarbons 

-Partitioning of Mercury, Lead and Cadmium in Aquatic SvstensH in Relation 

to Acidification 

-Trace Contaminants in Water Treatment Plant Chemicals 

-Experimental t^ Environmental Hodelling Studies of Hazardous Substances 

in Ontario 

-R«5vlsed Monitoring Scheme for Persistent Toxic Organics in Great Laltea 

Sports Fish 

-The Development of a Freshwater Fish Test to Identify Aquatic T^jxic 

Contaminants 

-The Evaiuatlon ^ Application of Pulsed Nuclear Magnetic Resonance in the 

Analysis of Environmental Samples 

-Aquatic Ttixicity Studies of Multiple Organic Compounds; The Concentration 

Addition Model 

'HenKtval of Hazardous Concaaiinants in Water Pollutiun Control Plant Effluents 

-Tovards an Electrochemlcally-based Chemorpceptive Membrane lor Trace 

Atmospheric Or^anics 
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-Methods for Sanipllne and Analysis of Asbestos Air Pollution in Toronto 
-Determination of Metals i Metal Compounds in Air 4 Related Samples 
-Methodcloiiii-'ai ] '^sues RelaCetl to the Assessment of Health effects of ftlr 
Pollution 

-A Mass Spectrometrlc Study of Selected Air Pollutants 

-Development of a Method for Measuring Hydrogen Peroxide using a Tunable 
Diode Laser Absorption Spectrometer 

-The Diap«T»al of Airborne Particulates on a Short 6 Long-tens Rasis 
-Assesament of Inpact o£ Oxidant Injury on Development of Early Blight 
an Potato 

-Production of Osone Insensitive Fl«iil Bean Varieties 

-Sweet Corn and Green Wax Bean Responses to Air Pollution In Southern Ontario 
-Evaluation of Contaminated Hater and Soil Sites as Sources of Airborne 
Hazardous Materials 

-Evaluation of Alternatives to HiVol Sampling tor PAH's 
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Goal Statement 



"To achieve and maintain a quality of the 
environment - including air, watar and land - 
that will protect human health and the ecosystem 
and will contribute to the well- being of the 
people of Ontario." 
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lOTlOPUCTIOH 

The Ontario Ministry of the Environment holds Its anniial 
Technology Transfer Conference to report and publicize the 
progress made on Ministry-funded projects. These studies are 
carried out in Ontario universities and by private research 
organizations. 

This booklet presents abstracts of the papers presented 
at Technology Transfer Conference No. 6, held in December 
1985. The abstracts are divided into three sections, corres- 
ponding CO the conference sessions, dealing with air quality 
research, water quality research, and liquid and solid waste 
research. Papers dealing with analytical methods and instru- 
ment development are assigned to each of the three sections. 

For further information on any of the projects, the 
reader is kindly referred to the Conference Proceedings (ISSN 
0-825-491), or to the principal investigators. 



FEAIDKE PAPERS 



- 2 - 



IDOrriFIGATION AND COMPARATIVE RISK ASSKSSMEHT OF 
AIRSORNB CARCIMOGERS FROM COMBUSTION SOURCES 

Joellen Lewtas*, Marcla G. Ni8hioka+, and Bruce A. Petersen** 
*Genetlc Bloassay Branch, Health Effects Research Laboratory, 
U.S. Environmental Protection Agency, Research Triangle Park, NC 

+ Batelle-Columbus Laboratories, Columbus, OH. 

**Applled Technology and Mobile Environmental Analysis, Sclex Inc., 
Worthlngton, OH. 

ABSTRACT 

The identification and assessment of airborne carcinogens have been 
significantly advanced by the use of short-term genetic bloassays. 
Bioassay-directed fractionation, coupled with new organic characteriza- 
tion methods, has provided the tools needed for more efficient 
identification of potential carcinogens in complex combustion emissions 
and urban air samples. These studies have shown that a significant 
portion of the mutagenicity is found in fractions more polar than poly- 
nuclear aromatic hydrocarbons (PAHs). New mass spectrometry techniques 
have been developed to identify and quantify the more polar mutagens In 
these samples* 

The comparative mutagenicity and carcinogenicity of a series of combus- 
tion emissions have been assessed using dose-response studies In 
bacteria, mammalian cells and rodents. This data base has been used to 
develop a comparative potency risk assessment methodology for a series 
of combustion emissions. 
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CHLORIRATED DIOXIHS AMD DIBEHZOFDRANS IH OHTARIO - 
CRITERIA FOR DEVELOPING BHVIRONHEHTAI. STANDARDS 



B. Birmingham 
Ontario Ministry of the Environment, Intergovernmental Relations & 
Hazardous Contaminants Co-ordination Branch 

ABSTRACT 

In Ontario, dioxins and furans occur as complex mixtures (not as pure 
2,3,7,8-T4CDD), especially in incineration sources. These were 
determined to be a major source of exposure in Ontario. Since 
2,3,7,8-T4CDD is not prevalent in Ontario, concern was principally 
for isomers other than 2,3,7 ,8-T4CDD. 

Since the time required to accumulate toxicological data on other 
isomers may run into decades, the decision was made to use the apparent 
toxic potency relationships of other PCDDs and PCDFs to 2,3,7 ,8-T4CDD 
In order to proceed with a control strategy for PCDDs and PCDFs at this 
time. 

A risk analysis approach was taken with the toxicological assessment 
being conducted in parallel with the environmental/sources /fate/ 
exposure assessment. 

The conclusion of the environmental sources/fate assessment was that 
the major sources of PCDDs and PCDFs in the Ontario environment were: 

(1) combustion sources including municipal refuse and sewage sludge 
incineration, and 

(2) the use of chlorinated phenols. 

Based on the exposure assessment, the major routes of exposure are in 
order of decreasing contribution: 

(i) ambient air in the vicinity of incineration sources; 

(ii) diet, especially some sport fish from Lake Ontario; 

(ill) atmospheric PCDDs/PCDFs deposited on soil, mainly to children. 
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VOLATILE OKGANIC CARBON FRCH! LAND DISPOSAL OF WASTE - 
MECHANISMS OF EMISSIONS AND CONTROL STRATEGIES 

Louis Thlbodeaux 

Hazardous Waste Research Institute 

Louisiana State University, Louisiana, U.S.A. 

ABSTRACT 

Organic wastes in solid and liquid form have been and will likely 
continue to be disposed of on or near the land surface. Disposal can 
take the form of treatment or storage. In mixture form, the individual 
chemical species exert some finite vapor pressure which ultimately can 
result In transport to the air. A review of vaporization mechanisms 
for waste in surface improvements, land farms and landfills will be 
presented. Models and experimental tests of control strategies will 
also be presented. 
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TOXICOLOGICAL EVALUATION OF GREAT LAKES DRINKIHG WATER 

Ian C. Munro^, Keith R. Solomon^ and John D. Lock^ 

^Canadian Centre for Toxicology, Guelph 

^Gore and Storrie, Consulting Engineers, Toronto 

ABSTRACT 

A scientifically sound and defensible basis for the evaluation of human 
health effects requires a thorough knowledge of two elements: the 
toxicity of the chemical or process In question, particularly as It 
applies to humans, and the exposure to the chemical or process In 
question to which the average person or a specific group of persons 1b 
subject. 

Many chemicals are found in the Great Lakes and many of these are not 
removed by filtration or other methods of purification. In addition, 
several chemicals are added to water or formed during the purification 
process and the potential hazard of these needs to be assessed. 

This paper will address the significance of chemicals found In drinking 
water from the Great Lakes In several ways which will Include the 
following: 

- Estimation of exposure for water and other sources; 

- The toxlcologlcal database available for the chemicals found in 
the Great Lakes; 

- The assessment of the significance of the toxicology database In 
regard to human health; 

- The significance of epidemiological evidence of health effects. 

The presentation will stress methodology and will be Illustrated 
through the use of case histories. 
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BIOLOGICAL AND CHEMICAL TESTING OF COKE OVEN EMISSIONS 

G. Thomas, J. Cralgmile, B. Das and A. Horton 
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ABSTRACT 

Ambient air studies in Ontario and elsewhere have shown that polycyclic 
aromatic hyrdocarbons (PAH) are present In urban and rural air. In 
some areas coke ovens are a significant contributor to the ambient PAH 
concentrations, but it is difficult to assess the degree of hazard this 
poses to the populations In surrounding areas. 

This study relates to coke oven emissions, especially with respect to 
the mutagenicity and chemical nature of solvent extractable fractions 
of collected particulate material. 

Representative HiVol and LoVol samples of coke oven emissions have been 
collected. Samples were taken directly from the coke oven through a 
hole drilled in a lid, every hour throughout a complete coking cycle. 
Simultaneously, samples were collected from on top of the coke oven. 
The HiVol sample filters were backed up by polyurethane (PUF) foam 
plugs . 

LoVol filters were extracted with benzene. These data provided the 
benzene soluble fraction of total particulate matter (BSFTPM) to be 
used as markers to compare with existing occupational data. HiVol 
filters and PUF plugs were extracted with dlchlorome thane (DCM). The 
decision to use DCM was made after suitable experimentation (bloassay 
and chemical) with separate benzene and DCM extracts. 

Organic soluble fractions from selected Lid and Top Side HiVol samples 
were used in two-tiered short-term mutagenicity assays, namely, a 
bacterial test (Ames) and a tissue culture test (SCE-CHO). Concurrent 
chemical analysis was performed on portions of the samples used for the 
biological assays. In some Instances, limited fractionation of the 
samples prior to chemical analysis was performed. 

The sampling and testing protocols were performed at three coke oven 
locations in Ontario. The results of the biological assays and the 
concurrent chemical analyses for the selected soluble organic fractions 
of the HlVol samples will be discussed. 
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ABSTRACT 

One of the health hazards arising from the inhalation of polluted air 
Is cancer of the lung and trachea. Since epidemiological studies of 
exposed populations and animal cancer bloassays are too cumbersome to 
be used as primary standards for air pollution, a more practical 
standard must be used. This project Is dedicated to developing a more 
relevant biological standard than raw particle counts or benzpyrene 
determinations. The central role played by mutation in the 
carcinogenic process suggests that measurement of mutation rates in the 
lung and tracheal cells could provide such a standard. 

Normally, mutation rates are measured by determining the proportion of 
cells that can form colonies under conditions that permit mutant cells 
to grow but not unmutated cells. This restricts the cells In which 
measurements of mutation frequency can be made to those for which there 
are excellent culture conditions available. Recently, however, we have 
developed a technique designed to bypass these difficulties and to 
permit measurement of mutation rates in a variety of primary cell types 
that can be maintained In culture but not cloned efficiently, such as 
those of lung and trachea. The concept has been shown to work 
successfully In the CHO cell line where a wide variety of mutagens were 
detected and the assay validated. The assay detects mutation to 
diphtherla-toxin-reslstance, one of the standard loci used in the 
traditional colony-formation assays. The resistance to the toxin, 
which acts by inhibiting protein synthesis, is detected not by colony 
formation but rather autoradlographically after exposure of the 
intoxicated cell population to trltlated leucine. Mutants resistant to 
the toxin will continue to synthesize protein and thus will be 
labelled, whereas cells that have been killed by the toxin will not. 
The conditions for a successful assay were indicated by the work In CHO 
cells, which has been published [Ronen et al. PNAS 81 (1984)]. 

Since then, work has proceeded on the mammary, colonic, and lung 
eplthella which are at various stages of development. In the mammary 
and colonic eplthella, the conditions for the assay have been worked 
out and the assay applied to model carcinogens active in these tissues. 
In the lung and trachea, which work was begun much more recently, we 
have succeeded in developing and standardizing the isolation and 
culture techniques sufficiently well so as to permit commencement of 
the experiments that will determine the appropriate selection 
conditions. 
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ABSTRACT 

Health effects of air pollution were examined in 30 asthmatics and 14 
healthy non-asthmatics. The objectives were: (1) to assess exposure in 
4 ways - personal (P), Inside (I) and outside (0) the home, and at a 
fixed air pollution monitoring site (GMOE) in downtown Toronto; (2) to 
examine the relationship among the estimates of exposure; and (3) to 
assess the relative strength of the four estimates of exposure as 
demonstrated by its association with measures of health effects. Small 
portable multlpollutant samplers for nitrogen dioxide (NO2), sulphur 
dioxide (SO2) and particulate matter were carried by the subjects, 
placed inside and outside the home and at a downtown Toronto air 
pollution monitoring station. Subjects were each visited on 
approximately 20 days; pulmonary function (spirometry) was assessed In 
the morning at the beginning of sampling, and again at the end of the 
day when sampling was terminated; a questionnaire was completed 
(symptoms, medications, dally activities and exposure to other 
potential Irritants). 

Analyses have been performed to measure the relationship between 
estimates of pollution exposure, home and lifestyle characteristics, 
and season of the year on symptoms and pulmonary function. The effect 
of season is very strong both for pulmonary function and symptom 
frequency. Furthermore, the relationship between pollutant exposure 
and pulmonary function Is strongly dependent on season. 

Regression analyses have been performed to determine whether the 
estimate of exposure using the personal monitor, our gold standard, can 
be replaced with a linear combination of 2 or 3 of the other three 
exposure estimates (I, 0, GMOE). On days when an Individual had spent 
a large proportion of his indoor time away from home, the predictive 
ability of the regression model was weak, as would be expected. 
However, for the subset of days on which the time spent Indoors was 
only at home, the multiple correlation coefficient for the predictive 
model was 0.81. This finding has the potential for greatly reducing 
the costs of exposure monitoring in epidemiologic studies. 



- 10 - 



EHVIROHMEKTAL MODELLING OF TOXIC SUBSTANCES IN SOUTHERN ONTARIO 

Donald Mackay, Sally Paterson, Wan-Ying Shlu, and Christina Charles 

Department of Chemical Engineering and Applied Chemistry 

University of Toronto 



Key words: Southern Ontario, Organics, Environmental Fate, 
Partitioning Model. 

ABSTRACT 

It is possible to develop methods of predicting the concentration of 
organic contaminants in the Southern Ontario Region from a knowledge 
of: 

(i) the magnitude of local emissions to air, water and soil, 
both past and present; 

(li) the magnitude of advective Inflows in air and water from 
other regions; 

(ill) the physical-chemical properties of the chemicals as they 
influence partitioning tendencies between the media of air, 
water, soil, sediment and various biota; 

(iv) the reactivity of the chemicals in these media which 
controls the chemicals' persistence; and 

(v) the Intermedia transport properties of the chemical, 
especially air-water, air-soil and sediment -water 
exchange. 

A Level IV fugaclty model has been devised which attempts to predict 
the time -de pendent concentrations of specific chemicals in the Region 
from these input data. The model has been applied to a number of 
chemicals for which approximate emission data and prevailing 
concentration data are available. Reconciling the model with the 
prevailing concentrations requires comparison of the single predicted 
mean concentrations with a distribution of environmental concentrations 
in each medium. The Weibull distribution function has been found to be 
particularly advantageous. The principal difficulties are 
uncertainties about emission rates and prevailing concentrations. 

If the model can be calibrated and validated, it could be an invaluable 
tool for exploring and documenting the behaviour of these contaminants, 
for elucidating dominant human exposure routes, for testing the effects 
of emission control measures and for determining, with the help of 
monitoring data, if a particular region is suffering from an unusually 
high concentration of a specific contaminant. 
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ABSTRACT 

The first measurements of the stack emissions of dioxlns and furans at 
the SWARU installation were done in three tests In 1982, as part of a 
study progan on the formation of these species at municipal 
incinerators in Ontario. The test emissions were In excess of the 
limits set by the Provisional Guideline for stacks, and consequently, 
the plant was ordered to cut back on the refuse incineration rate. A 
comprehensive program, known as diagnostic testing, was carried out In 
1983 to establish the limits for safe operation of the Incinerator. 
The program was designed conceptually by the personnel of the 
Ministry's Air Resources and Laboratory Services Branches and contracts 
were let to Envirocon and the Ontario Research Foundation to work out 
the details and execute the field work. 

The Ontario Research Foundation was responsible for the collection and 
preparation of stack and process stream samples for analyses on 
dioxlns, furans, chlorobenzenes, PCBs and chlorophenols. The 
Laboratory Services Branch performed the analyses and the Air Resources 
Branch was responsible for co-ordinating the field work. Envirocon was 
responsible for process monitoring. 

As a result of the study, new operating limits for incineration were 
established, maintenance procedures were modified, and installation of 
additional process gas monitors and of additional control equipment for 
the removal of particulates from the stack emissions were recommended. 
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ABSTRACT 

Source identification and apportionment of ambient airborne 
particulates is important if air pollution is to be more stringently 
controlled in urban, industrialized regions. These are locations where 
traditional air pollution dispersion models are at a disadvantage 
because of the investment of time, funds and manpower required to 
diligently characterize all the major contributing emission sources. 
On the other hand, receptor models utilize measurements at just one or 
a few limited receptor sites, and the contributing sources are then 
statistically evolved by analysis of a set of data factors: detailed 
chemical composition of ambient particulates, meteorological data, 
particle-size distributions and site locations. 

In this research, radl ©analytical methods are being applied for the 
simultaneous analysis of about 30-35 chemical elements in airborne 
particulate matter sampled in the greater Metropolitan Toronto area 
during the period from January 1984 to the present. In the first one 
and a half years of the funded project, all the results obtained 
together with the relevant meteorological data were subjected to 
statistical factor analysis with the objective of deducing, from the 
multielemental chemical composition data itself, the major contributing 
sources of air pollution in the Toronto atmosphere. Factor analysis 
indicated that six sources were distinguishable: wind-blown soil 
grains, automobile exhaust, refuse incineration, winter road salt, oil 
combustion and an unidentified source of arsenic. Elemental concentra- 
tion profiles for the several elements that characterized each of these 
six sources were input into a comprehensive chemical element mass 
balance calculation to determine quantitatively the relative contribu- 
tion of each source to the ambient Toronto aerosol. 

The results showed that re-entrained soil contributed 67% to the 
inorganic portion of atmospheric air particulate matter, automobile 
exhaust contributed I5Z, road salt 12X, and the other sources lesser 
amounts. A limited additional study of particle-size distributions, 
especially for Al, Fe, Sc, As, Br, CI, Zn, Mn and V, provided some 
additional details on aerosol characterization. 
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ABSTRACT 

Municipal incinerator flyash was heated in a pyrex tube under a flow of 
high-purity nitrogen. The levels of polychlorinated dibenzo-p-dloxins 
(FCDD) in the heated samples were determined using gas chromatography/ 
mass spectrometry (GC/MS) and compared to levels in unheated samples. 

In a time and temperature study where temperatures from 100° to 200*0 
and heating times from 16 to 48 hours were investigated, PCDD levels 
decreased to 10 to 30 per cent of the levels In unheated samples. The 
PCDD levels were independent of heating time and temperature under the 
above conditions. About 10 per cent of the PCDD could not be desorbed 
and are thought to be chemisorbed on the surface of the flyash 
particles. Heating the flyash at 120°C for 2 to 6 hours desorbed 15 to 
38 per cent of the PCDD. The desorptlon rates for the PCDD congeners 
were estimated to be 0.037, 0.086, 0.15 and 0.23 ng/g/hr/L for 
tetrachloro-.pentachloro-, hexachloro- and heptachlorodibenzo-p-dloxins 
respectively. At constant temperature, these rates appear to depend 
mainly on the amount of the particular PCDD congener originally present 
on the flyash, not on physiochemlcal properties such as vapour pressure 
or dipole moment. When expressed as per cent/hr/L, deaorption rates 
for the PCDD congeners were not significantly different from each 
other. The average value was 0.78 per cent/hr/L. Desorbed PCDD were 
adsorbed onto exhaustively extracted flyash placed in the tube 
downstream of the heated sample. There was no evidence of 
decomposition of the PCDD under the experimental conditions. 
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ABSTRACT 

Previous studies In our laboratory have shown that 2,3,7,8-TCDD 
and related haloaromatlc hydrocarbons such as Aroclor 1254 and 
3,4,3' ,4'-tetracholorobiphenyl suppress the immune response. In the 
case of TCDD, suppression of the generation of cytotoxic T cells (CTL) 
occurred at a cumulative dose of 0.004 ug/kg (12 pM or 4 parts in 
10^2) in chronically treated Inbred laboratory mice. This immuno- 
suppression proved to be 100-1000 times more sensitive an index of TCDD 
effect than was induction of hepatic Pt450 and related enzyme sys- 
tems. Further, Inhibition of CTL generation by TCDD was associated 
with an Increased mortality following challenge with herpesvirus type 

2. 

Studies designed to elucidate the mechanism of Immunosuppression 
by TCDD have shown that TCDD promotes the production of suppressor T 
cells. Sensitivity to TCDD is determined In part by genes at the ^ 
locus In mice and, using chimeric mice created by replacing the 
lyuphocyte component of the Immune system of TCDD- sensitive mice with 
cells from TCDD-realstant mice and vice versa, we were able to show 
that immunosuppression by TCDD Is mediated through the non-lymphold 
cells of the host. Since T cells develop in the thymus gland under the 
Influence of thymic epithelium, and since epithelial cells have been 
noted to be particularly sensitive to TCDD, we proposed that TCDD acted 
via the thymic eplthella to promote suppressor T cell production. 

Results from current studies have provided several new and 
relevant pieces of Information: 

1. Removal of the thymus gland from 6- to 8-week old mice renders them 
totally resistant to immunosuppression by low level TCDD exposure. 
The Importance of the thymus Is thus confirmed. 

2. Thymus function declines with age. We found that 8-month old 
TCDD-sensltlve mice that had achieved 20Z-25Z of their life span 
(roughly equivalent to a 15- to 17-year old human) were readily 
suppressed by 12 pM TCDD, whereas 13-month old mice that had com- 
pleted approximately 36% of their life span (roughly equivalent to 
22- to 28-year old individuals) and 22-month old mice were 
conqsletely resistant to suppression by TCDD. These data have an 
interesting parallel in that in the study by Knutsen of humans 
exposed to 20 - 100 ppb for 2 years (or to 100 ppb for 6 months) In 
Time's Beach, Mo., evidence of immunosuppression was seen primarily 
in the group under the age of 18. 

3. While TCDD administered orally In food has been shown to suppress 
CTL generation, a further experiment has indicated that a substan- 
tially greater amount of TCDD must be given orally to achieve the 
same immunosuppressive effects as 12 pM injected parenteral ly. A 
preliminary dose-response study suggests that the difference in 
oral vs parenteral dose required may be on the order of 1000 fold. 

These data have significant implications for the setting of zero 
biological effect exposure limits for different groups of individuals 
who may be exposed to TCDD and related haloaromatlc hydrocarbons by 
different routes. Further, since the thymus-medlated immunosuppressive 
effects appear to be reflected In alterations in the surface markers on 
blood T lymphocytes both In mice and in humans, it may be possible to 
monitor exposed Individuals using a simple non-lnvaslve technique. 
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ABSTRACT 

The formation of polychlorlnated dibenzo-p-dioxins and dibenzofurans 
(PCDD/PCDF) is strongly linked to the Incineration of municipal refuse. 
To date, there has been no study which demonstrated clearly what, if 
any , incinerator operation parameter(s) this production correlates 
with. Part of the problem in determining such correlations is that 
testing for PCDD/PCDF is an expensive and time-consuming effort. This 
paper describes a rapid analytical approach using gas chromatography 
(GC) coupled to tandem triple qtiadrupole mass spectrometry (MS/MS). 
This combination has been demonstrated to be more specific than 
conventional GC/MS while requiring less time per analysis. 
Furthermore, the instrument used in the present work (the TAGA 6000E 
manufactured by SCIEX) is fully transportable, permitting it to be 
driven to the incinerator for rapid on-site PCDD/PCDF analysis. The 
analysis of fly-ash and stack gas will be described and analytical 
results compared to GC/MS analyses performed on the same samples. 
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ABSTRACT 

Lead exposure from the external environment as well as the home has 
received much attention In the past decade. In the absence of 
information on the blood lead levels of Ontario children who are not 
exposed to a known source of Industrial emissions, the Ministries of 
Labour, Environment and Health undertook the Ontario Blood Lead Study. 
The purpose of this study was to determine blood lead levels in Ontario 
children and to identify those demographic, environmental and lifestyle 
characteristics related to higher blood lead levels. 

1315 children aged 7 and younger In selected urban, suburban, and rural 
areas of Ontario were sampled for analysis of blood lead. Blood lead 
concentration was determined in finger prick blood samples by graphite 
furnace atomic absorption spectrophotometry. Measurement of lead in 
air where children live, lead in tap water at their school, and lead In 
soil in areas where they play was carried out. Traffic density was 
measured at the largest Intersection nearest to the children's school. 
A random sub-sample of 800 families of children tested for blood lead 
was assessed for the presence of risk factors which may be associated 
with elevated blood lead concentrations. 

Urban children had higher geometric mean blood lead levels (12.0 ± 
4.4 ug/dl) than suburban children (10.0 * 3.5 ug/dl), and they in turn 
had higher blood lead levels than rural children (8.9 t 3.9 ug/dl), a 
statistically significant difference. 4.3Z of all children were at or 
above the alert level of 20 ug/dl; the proportion above the alert level 
did not differ between urban, suburban and rural children. Blood lead 
levels were slightly higher for males than females and for pre- 
schoolers aged 3 and 4, compared to school age children aged 5 and 6. 
The distribution of blood lead levels among these children was lower 
than that of children In point source areas. 

Multivariate statistical modelling resulted in a set of characteristics 
which best explained the differences In children's blood lead levels: 
younger age, lower family socio-economic status, hot water radiator 
heating in the home, number of gas stations within six blocks of resi- 
dence, number of Industries within six blocks of residence, residence 
within one block of a major highway, and geographic site (Toronto, 
Windsor, Etobicoke, Scarborough, Longwoods, Nanticoke-Walpole). 
Environmental measurements of lead in air and soil, together with 
neighbourhood traffic density, were equivalent to "geographic site" In 
their ability to predict variations of blood lead levels among 
children. These environmental measurements and neighbourhood 
characteristics were meaningful surrogates for "site" in being able to 
estimate the potential contribution to the lead burden of children. 

Five of the seven factors most closely related to children's blood lead 
levels are measures of lead in the physical environment. The prime 
contributor to air lead in the areas tested was lead In gasoline. 
Reduction of lead In leaded gasoline may be expected to produce some 
reduction of blood lead levels in children in Ontario. 
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ABSTRACT 

Two streak filters, having a time resolution of 2 hours, have been used 
to monitor the air particulates near an Intersection In Kingston over a 
two-week period In June. One filter was placed ~ 100 m from the 
Intersection while the second was placed -- 700 m away In the backyard 
of a home. The local meteorological conditions were determined with a 
micro-processor based weather station which formed part of the sampling 
device. Wind speed and direction, temperature, rainfall and humidity 
were sampled every 7 seconds and averaged over a half-hour so that the 
conditions under which the air particulates were collected were known. 

The particulates on filters were analyzed for their elemental 
composition with particle induced X-ray emission (PIXE) using the 
Queen's Van de Graaff accelerator. Each filter contained a deposit for 
one week and two of these for the same week, one from each site, have 
been analyzed. Al, Si. S, CI, Ca, Cr, Mn, Fe, Cu. Zn, Br and Pb were 
found in measurable quantities at both sites. The average levels for 
all the elements except Br and Pb were the same at the two monitoring 
sites, indicating that elements from natural sources and from fossil 
fuels are distributed uniformly in this region. Near the intersection, 
the ratio of Br to Pb was 0.21, indicative of automobile emission. In 
the backyard, the concentrations of Br and Pb were lower by factors of 
4 and 2 respectively. As previously observed, high Pb concentrations 
(up to 0.6 ug/cm2) correlate strongly with vehicular traffic 
especially for the station nearer the intersection. There is some 
indication that the wind velocity, as measured by the station near the 
intersection, can account for the difference in the high lead levels 
between the two stations although this is not completely clear. 
Further evidence for this will be obtained when the filters from the 
second week are analyzed. 
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ABSTRACT 

Controlled environment ozone dose-response studies were performed on 
several food crop species using cultlvars widely cultivated In Ontario. 
Two or three week old cabbage, carrot, and tomato plants were exposed 
to 0, 0.1, 0.2, or 0.3 uI/1 for one 7-hour period. Two-week old 
"Cherry Belle" radish plants were used as the indicator species in the 
experiments. Immediately following exposure and also 3 days later, the 
plants were rated for injury. Three days following ozone exposure, 
leaf area and leaf and/or stem fresh and dry weights were measured 
where applicable. For carrot and tomato, significant negative linear 
dose-response relationships were determined for all growth parameters 
at both ages at all ozone levels. The reactions of cabbage to ozone 
differed according to age. The results of the 2-week old plant growth 
studies indicated a quadratic response to dose with no significant leaf 
growth reduction occurring until ozone reached 0.2 ul/1. However, no 
significant ozone effects were observed In the three-week old plants. 
Field studies in open-top chambers were conducted during the summer 
using the same species and treatment regimes to determine what type of 
comparison can be made between indoor and outdoor ozone studies. 

Asparagus plants were subjected to the same ozone treatments as 
previously described. Frond and spear areas, and fresh and dry weights 
and Injury were determined. No significant differences in growth were 
found. An experiment was performed using 2- and 3-week old carrot 
plants to determine dose-response to ozone at 0, 0.06, 0.12 or 0.18 
ul/1 for one 7-hour exposure. A significant ozone effect was observed 
at both growth stages with growth significantly reduced at 0.18 ul/1. 
A long-term study to determine ozone effects on carrot shoot growth and 
root productivity was conducted. Beginning at 16 days of age and once 
each week for 5 consecutive weeks, the plants were exposed to one 
7-hour period of ozone (0, 0.06, 0.12, or 0.18 ul/1). Data analyses 
and Interpretation of data have not been completed at this time, but 
will be by the time of the Technology Transfer Conference. 

Two experiments were conducted with 2-week old tomato plants to 
determine If Imidazolldlnyl urea (IDU), a compound similar in structure 
to EDU, would serve as an ozone protectant. In one experiment, IDU 
levels of 0, 100, 500, or 2500 ug/ml were sprayed on plants 3 days 
prior to ozone exposure (0, 0.1, 0.2, or 0.3 ug/1). No evidence was 
observed for protection against ozone Injury. A second experiment also 
Indicated no protection from 0.2 ul/1 of ozone with spray applications 
of 2500 or 10000 ug/ml of IDU applied 0, 1, or 3 days prior to 
exposure. 
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ABSTRACT 

The Direct Sample Insertion Device (DSID) will be described, and its 
application in several areas will be discussed. For liquid samples, 
the wire loop DSID has demonstrated sub-ppb detection limits for both 
Atmomc Emission and Mass Spectrometry. Precision better than IX 
appears to be possible using an automatic Injection system developed in 
our laboratory. A number of advantages for both optical and mass 
spectrometry appear to be provided by the wire loop configuration. 
These Include temporal resolution of possible Interfering species and 
elimination of water vapours. The performance of the liquid wire loop 
DSID, system will be discussed In some detail for both optical and mass 
spectrometric configurations. The systems will be compared and 
contrasted. 

Solid sample Introduction Into the inductively coupled plasma for 
atomic emission spectroscopy will be discussed. Considerable success 
has been achieved with human hair. Undigested single hair samples have 
been Inserted. Precision of the technique seems to be dependent on 
hair and not on the DSID for Cu. Some questions remain as to the 
applicability of the technique for high accuracy determinations; 
however, the accuracy is quite adequate for surveys. More difficult 
solid sample types will also be discussed. 
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ABSTRACT 

Shpol'skll Spectroscopy Is used to establish the presence of selected 
PAHs, including both benzo(a) and benzo(b) pyrenes, in an air sample 
taken from the vicinity of steel refineries In Hamilton, Ontario. The 
selected PAHs are taken from a list of priority PAHs dra%m up by the 
Ontario Ministry of the Environment. The sample analyzed is an HPLC 
fraction of a Hl-Vol sample provided by lEC Beak Analytical Services 
and is diluted with n-octane in preparation for analysis by Shpol'skll 
Spectroscopy. The dilute solution is flash frozen in liquid nitrogen 
and then cooled to H'R. Preliminary identification Is made by first 
obtaining a fluorescence spectrum of the environmental sample using a 
pulsed nitrogen laser at 337 nm as the excitation source and then 
comparing this with reference spectra from a library of fluorescence 
spectra of authentic PAHs in n-octane matrices. To confirm the 
tentative Identification, use is made of excitation spectra of the 
environmental sample obtained with the aid of a pulsed tunable dye 
laser. The fluorescence from the sample is observed with a 
monochromator set at the wavelengths of individual fluorescence 
spectral features used to make the preliminary Identifications. These 
excitation spectra are compared to reference spectra in a library of 
excitation spectra of authentic PAH samples in n-octane matrices. The 
final identification of PAHs in the environmental sample is compared 
with that obtained by HPLC analysis of the same environmental sample in 
the Ministry of the Environment's laboratories. 
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ABSTRACT 

The element composition of air particulates collected simultaneously 
inside and outside a school has been determined with particle induced 
X-ray emission (PIXE) using the Queen's Van de Graaff accelerator. The 
Indoor stations were placed in three sections of a school which are 
ventilated separately and which are more or less isolated from each 
other, one a classroom, the second an office and the third a workshop. 

The particles were collected on streak filters operating with a time 
resolution of two hours so that time correlations between the indoor 
and outdoor air could be monitored. Two filters at each position, each 
of one week duration, were collected. One Indoor, from the classroom, 
and one outdoor filter from the same time period have been analyzed, 
and the other six filters will be analyzed shortly. 

Al, Si, S, CI, Ca, Cr, Mn, Fe, Cu, Zn, Br and Pb were observed both 
inside and outside the school. The levels of Al, Si, Ca, Br and Pb 
were all lower by a factor of 2 - 3 inside the school than outside, CI 
appeared to be higher and the others the same. Besides Pb and Br which 
were expected to have elevated levels of short duration due to the 
traffic pattern at the intersection, several other elements showed high 
levels of short duration outside the school and so the exchange of air 
into and out of the building could be determined. If a high level 
appeared outside the school, an elevated level inside the school was 
measured within two hours, the time resolution at which the system was 
operated. The actual level inside the school was not always the same 
fraction of that which appeared outside the building and this is not 
understood. Generally, the level inside this classroom was about a 
third of that outside. Whether this is the same for the other 
locations will be determined when the other filters are analyzed. 
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ABSTRACT 

The MONITEQ PLUMETRACKER has a proven record for being able to 
remotely measure SO2 concentrations in overhead plumes several 
kilometers downwind of a stack. During 1984, with the assistance of 
the Ontario Ministry of the Environment, MONITEQ undertook a study to 
assess the feasibility of using a PLUMETRACKER from a stationary 
platform to measure SO2 emissions at the mouth of a stack. A 5-metre 
high test stack normally used by the Ministry to train personnel to 
measure plume opacity was used for these Investigations. Parameters 
studied included varying SO2 concentrations, plume opacities, 
background sky conditions and the effects of the sun and sight 
elevation angles. The SO2 concentrations exiting from the stack were 
verified using an in-stack continuous emission monitor (CEM). 

The work established that there Is a strong correlation between the CEM 
value and the PLUMETRACKER value, but that the nature of the 
correlation varied from experiment to experiment. The correlation 
desired Is a linear, one-to-one relationship between the CEM 
measurement and the PLUMETRACKER measurement (as was obtained in an 
initial laboratory comparison). The field results obtained did yield 
linear relationships, but they showed three forms of variation from the 
ideal: an offset; a slope other than one; and scatter in the points. 
This behaviour is ascribed to several causes, including Instrumental 
effects and those related to the experimental procedure. 

The principal instrumental effect is believed to be caused by a 
variation in response within PLUMETRACKER' s rectangular field of view. 
Such performance, if true, is not noticeable in the instrument's normal 
mode of operation wherein the angular extent of the plume (some 
distance downwind of the source stack) greatly exceeds that of the 
Instrument's field of view (FOV), but is significant under the 
stationary conditions of this study wherein the plume size at the stack 
mouth is much smaller than the instrument's FOV. The effects of the 
other parameters under study were small In comparison to the 
aforementioned and it was therefore not possible to quantitatively 
determine their impact upon the measurement. 

The study concluded that the PLUMETRACKER and the measuring technique 
can be modified to overcome the variable response problem of the 
PLUMETRACKER FOV. The proposed solution is to reduce the instrument's 
FOV and adopt a true scanning technique whereby the instrument's FOV is 
uniformly scanned across the mouth of the stack. 
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ABSTRACT 

The quantum yields of photodecomposition of a series of polychlorlnated 
benzenes and polychlorlnated blphenyls have been determined In the 
vapour phase. Most of the compounds studied decompose with a 
photochemical efficiency In the range of 10 - 20X. By making use of 
literature data on typical ambient concentrations of PCBs in urban air, 
and literature data on the variation of the solar intensity with 
wavelength, it has been concluded that photodecomposition of these 
substances is very slow in absolute terms. Consequently, chlorinated 
aromatic hydrocarbons are able to travel through the atmosphere and to 
be deposited unchanged far from their point of emission Into the 
atmosphere. These conclusions are In line with practical experience. 
Details of the methods used for the actlnometry and for the 
calculations will be discussed. 
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ABSTRACT 

The deposition of aerosols on non-streamlined surfaces such as 
cylinders and spheres in Ideal flow (viscous or Invlscld flow) has been 
studied In some detail. Under such flow conditions, the deposition 
process has been modelled In terms of the inertlal Impaction, 
Interception and Brownlan diffusion collection mechanisms. Carefully 
designed experiments to test these models have shown them to be 
adequate for the conditions under which they were developed. 

However, recent experimental results on the deposition of aerosols on 
single wires in turbulent cross flow yielded significantly higher 
collection efficiencies than the values predicted by the classical 
mechanisms. To explain the Increased collection efficiency, it is 
necessary to consider eddy diffusion of the particles due to the free 
stream turbulence as a prime mechanism. 

Based on the concept of eddy dlffusivlty, a turbulent diffusion model 
has been developed to predict the experimentally observed deposition 
rates. The model Is essentially the solution of the continuity 
equation and equations of motion for the particles, with the assumption 
that within the boundary layer the fluid-particles closely follow the 
fluid streamlines. From physical reasoning, the eddy dlffusivlty 
profile within the boundary layer is assumed to have the same shape as 
that near a flat plate. 

The model equations are solved with the solution of the boundary layer 
equation In which the external flow is assumed to be for potential or 
for experimental flowllnes. Computed deposition rates are in good 
agreement with the experimental results when the solution of the 
turbulent diffusion model is based on the solution of boundary layer 
equations where experimental flowllnes are used for external flow 
Instead of potential flow conditions. A single parameter, known as the 
turbulent Schmidt number, was obtained which adequately characterizes 
the system. 
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ABSTRACT 

More than 4 million Ontario residents rely on the Great Lakes as a 
source of drinking water. These surface bodies continue to be 
contaminated with organic chemicals of Industrial and municipal origin, 
with over 200 man-made chemicals being identified recently in the 
Niagara River alone. Granular activated carbon is capable of removing 
many of these chemicals from drinking water supplies. 

A pilot plant consisting of conventional water treatment processes plus 
granular activated carbon (GAC) adsorption contactors is being built to 
study the effectiveness of both conventional and GAC processes at 
removing trace levels of selected organic contaminants from drinking 
water. The pilot plant is located at the Niagara Falls Water Treatment 
Plant in Chippawa. 

The removal of 35 organic compounds will be monitored at natural and at 
spiked Influent levels. These compounds Include: aromatics, 
halogenated aliphatics, chlorinated benzene derivatives, PCBs, 
organochlorine pesticides and herbicides, phenols, phthalates, 
polyaromatlc hyrdocarbona, alkanes, alcohols, aldehydes, ketones and 
esters. Since these compounds are at trace levels, special methods 
have been developed for sampling, concentrating and analyzing water 
containing this mixture of chemicals at nanogram per litre levels and 
lower. 

Start-up of the pilot plant will Include a program to optimize the 
removal of the trace contaminants in the conventional section of the 
treatment process by testing a variety of coagulants, coagulant aids 
and operating conditions. 

The pilot plant design, the analytical methods development and the 
start-up program are discussed. 
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ABSTRACT 

This paper descrlhes pilot testing of colour removal proce8se8 for raw 
water from the Atlkokan River. Processes used during the testing 
program, which ran from Summer 1984 to Spring 1985, Include: 

- ozonation; 

- ozonation followed by granular activated carbon adsorption; 

- ozonation followed by alum coagulation and dual media 
filtration; 

- alum coagulation and dual media filtration. 

Ozone dosages up to 8 mg/L, combined with ozone contact times ranging 
from 2 to 20 minutes, reduced organic colour by approximately 50 per 
cent. Even at 8 mg/L ozone dosage, disinfection was not complete. 

EBCTs ranging from leas than one minute to over one hour were used in 
evaluating granular activated carbon (GAG). Increases in effluent SPG 
indicate biological growth on the GAC. No biological regeneration of 
the GAC was noted under the test conditions. Colour removal on GAC 
ceased before 7,000 bed volumes of water were treated. 

Parallel direct filtration runs show that less coagulation (alum and 
polymer) are required when the water is pre-ozonated. 

The alternative colour removal processes are evaluated on the basis of 
operating cost (at Atlkokan) for colour removal to 5 H.U. The 
secondary consideration, reduction of trihalome thane formation 
potential to less than 350 mg/L, is met by all processes reducing 
organic colour to less than 5 H.U. 

Process design for a new Potable Water Treatment Plant for the Township 
of Atlkokan, using pilot testing results, Is discussed. 
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ABSTRACT 

A study of groundwater deflourldatlon was carried out In August 1985. 
Two deflourldatlon processes were selected for evaluation after an 
Intensive literature review. These were: 

1. Activated Alumina 

2. Reverse Osmosis 

Activated Alumina Is currently in use In the United States. However, 
very little data is available on the quality and quantity of regenerant 
waste produced by the process. Two types of regenerant were 
evaluated: 

1. IZ NaOH Solution 

2. Hanfloc (with an equivalent caustic strength to IX NaOH) 

Rapid advances have been made in membrane technology over the past ten 
years. Reverse Osmosis was evaluated to assess Its degree of 
efficiency and throughput capacity. 

The results of both pilot units will be presented, with cost estimates 
and operational requirements for treating the Amabelle Township ground 
water. 
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ABSTRACT 

As part of the Toronto Area Watershed Management Strategy or TAWMS 
study, sediment and contaminant accumulation in the Humber River Marsh 
was evaluated. The study area consists of a low energy fluvial system 
bounded by Lake Ontario In the south and Bloor Street In the north. 
Sediment cores were collected from the channel, floodplaln and 
backwater pond environments present In the Marsh during the fall of 
1983, and laboratory analyses *iere performed during the fall of 1984 
and spring of 1985. 

Recent sedimentation rates as measured by stratigraphy, pollen and 
lead-210 radioisotope analysis ranged from as low as 0.2 cm/yr. on the 
floodplaln to as high as 1.9 cm/yr. In the backwater ponds. Cores were 
subsampled and tested for specific trace metals, polychlorlnated 
blphenyls (PCBs), and the pesticide DDT and its metabolites DDD and 
DDE. Metal concentrations ranged from below detection limit to 7, 108, 
79, 970, 85, and 190 ug/g for Cd, Cu, Cr, Mn, Nl, and Pb, respectively. 
Organic pollutant concentrations ranged from below detection limit to 
163.4, 65.0, 93.9 and 21.3 ng/g, respectively for PCBs , DDT, DDD and 
DDE. 

With the exception of Pb in all cores and Cd In one core, metal 
contamination was not considered to be significant (i.e., surface metal 
concentrations were not significantly greater than assumed background 
levels). With respect to PCBs, DDT, DDD and DDE sediment contamination 
was considered to be moderate, it is estimated that approximately 3000 
kg of lead, 3.2 kg of PCBs, 0.4 kg of DDT, 1.3 kg of DDD and 0.4 kg of 
DDE are presently stored In the Humber Marsh. In general, sediments 
from the backwater ponds had the highest contaminant concentrations, 
reflecting finer sediment texture and possible point sources of 
pollutants. The study Indicates that contaminated sediments have been 
accumulating on the floodplaln and in the backwater ponds for some time 
and, given present conditions, are likely to continue to do so. In 
general, the channel area does not represent a significant storage area 
for contaminated sediments. Further research into Humber River 
sediment quality is needed to monitor future changes in sediment 
quality and to pinpoint pollutant sources. 
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ABSTRACT 

Contact springs along the Scarborough Bluffs of eastern Metropolitan 
Toronto provide an Ideal opportunity for studying the impact of urban 
development on shallow groundwater quality. Occupying 12 Ian of Lake 
Ontario shoreline, the Scarborough Bluffs represent an Important 
discharge zone for a series of minor aquifers defined within the 
multi-layer sequence of tills, deltaic sands, and glacio-lacustrine 
dlamictB. Within these deposits, a shallow aquifer system is recharged 
locally through areas which have recently been transformed from rural 
pasture to well populated commercial, industrial and residential areas. 
The deeper aquifer units form part of a regional flow system and are 
recharged primarily in rural parts of the extensive groundwater 
catchment . 

A major ion, minor ion, trace metal and environmental isotope study of 
the spring waters reveals major differences in chemical character 
between the two systems. Groundwaters from the deeper aquifers are low 
in total dissolved solids and show many similarities to uncontaminated, 
low tritium and chemically mature waters from deep aquifers in the 
Duffin Creek-Rouge River drainage basins to the north and east of 
Metropolitan Toronto. By comparison, the shallow groundwaters reveal 
the effects of urban development and consistently display elevated 
concentrations of Ca, Na, NO3 and CI with average values of 155, 95, 
35, and 200 mg/L respectively. These compare with average values of 
70, 10, 5 and 10 mg/L respectively in the deeper waters. 

Trace element concentrations of Cr, Co, Cd, Mo, Pb, Mn, Fe, Cu, Nl, Zn, 
Al and Hg in the spring waters exhibit considerable variability but 
several high anomalies are noted in the shallow, contaminated waters 
when compared to background levels determined in rural parts of the 
groundwater catchment. Since these elements may provide insight to 
contaminant source origin, complementary investigations are being 
conducted involving drilling and pore water extraction and analysis at 
sites where specific types of contamination are suspected. For 
example, vertical profiles of pore water chemistry from the unsaturated 
zone adjacent to major salted highways show CI concentrations up to 
14,000 mg/L and provide a range of diagnostic chemical criteria that 
can be used to confirm suspected road salt contamination in disputed 
situations. 
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ABSTRACT 

The project Is scheduled for a three-year period and has been designed 
to assess the effects of tile drainage and open ditches on peak flows 
and dry weather flows with particular application to Ontario. This 
study Involves (I) the development, calibration and testing of a 
continuous, physically-based, hydrologlc simulation model for 
tlle-dralned agricultural fields and basins; (11) instrumentation of 
tile-drained fields In the South Nation River Basin; and (III) 
statistical analysis of (a) historical data from ditch and tile-drained 
fields and basins in the South Nation River basin and elsewhere, and 
(b) simulated discharges generated by the model developed in (I) above, 
both on a peak flow and a dry weather flow basis. 

The project is presently 8 months into year 1 of Its three-year 
schedule. A worldwide literature survey has resulted in the production 
of an annotated bibliography for the hydrology of agricultural 
drainage. Over 400 abstracts covering the period 1970-84 have been 
collected, catalogued and entered in a database using dBASE III. It is 
available both In hard copy and on IBM-PC compatible disks. 

A physically-based hydrologlc simulation model for tlle-dralned 
agricultural fields has been developed for the simulation of tile drain 
discharge under single rainfall events. The model Is now being tested 
and calibrated. Instrumentation has been Installed in a tlle-dralned 
field to collect rainfall and discharge data over the fall of 1985 for 
analysis during year 2 of the project. 
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ABSTRACT 

The existing Port Dover Water Pollution Control Plant is a primary 
plant with phosphorus removal and has been subject to a number of 
operating problems during the last few years. A study was commissioned 
to review these problems and evaluate a number of options for expanding 
and upgrading the plant to provide secondary treatment. 

The following options were considered: 

Conventional Activated Sludge 
Rotating Biological Contactors 
Biological Aerated Filters 
Extended Aeration, and 
Tree Farm 

Two of the options considered are Innovative concepts which have not 
been used in plants in Canada to date. The first is the biological 
aerated filter, marketed by Envirotech. It consists of a steel tank 
filled with fired clay media. Effluent is introduced at the top of the 
media, the upper section of which accomplishes biological treatment, 
and the lower section of which acts as a clarifier. The major 
advantage of this system is the low space requirement, and the fact 
that no secondary clarifiers are required, thus saving considerable 
capital cost. 

The tree farm design involves storing sewage in a lagoon system and 
spray irrigating a tree farm with the effluent. In this manner, 
nutrients in the effluent enhance growth of the trees, and 
evapotranspiratlon from the leaf surfaces disposes of all of the 
effluent produced. This system has the added benefit of producing a 
valuable by-product, as the fast growing poplar and willow In the tree 
farm could be harvested as an energy crop every few years. 

Capital and operating costs, and benefits of each system are outlined 
and a present worth analysis covering a 20-year period is performed as 
part of the analysis. 
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ABSTRACT 

Although the ultraviolet light Irradiation of treated wastewater has 
been accepted as a disinfection method, many of the effects of 
wastewater quality on this process have not been studied at the full 
scale level. 

A full scale gravity flow UV system was placed in the effluent channel 
of a conventional secondary wastewater treatment plant. The system 
consisted of a series of modules forming two separate rectangular 
matrices of UV lamps. 

Disinfection is a function of the intensity of UV light and the time of 
Irradiation. The Intensity is determined by the lamp output and the 
UV transmission of the effluent. A UV absorbing compound will be added 
to the effluent to determine the effect of Intensity on disinfection 
efficiency before and after photoreactivation and will also determine 
when the UV lamps should be replaced. These experiments will verify 
that the UV sensor responds llnearlly to UV transmission. The response 
of the sensor will then be verified by using the various mathematical 
models which predict UV intensity and dosage. 

The effect of suspended solids in primary and secondary solids may have 
the most significant effect on the efficiency of disinfection due to 
the protection of bacteria from UV light. Varying amounts of the three 
effluents will be mixed with high quality secondary effluent to 
determine the bacterial reductions before and after photoreactivation. 
These experiments will be repeated at the mid-point and end point of 
lamp life to establish the effective lampllfe for different qualities 
of wastewater. 

Photoreactivation accounts for the greatest increase In bacterial 
numbers after UV disinfection. The effect of UV transmission and/or 
suspended solids on this phenomenon will be studied. The irradiated 
bacteria will be exposed to various stream conditions and sunlight 
While they are in glass bottles and an irradiated tracer organism will 
be exposed to the sunlight and the receiving stream at the same time. 

This study will determine whether a correlation exists between E. coll 
or bacteriophage and the pathogens which may remain in the UV 
disinfected wastewater. Bacteriophage can be enumerated in as little 
as four hours and this would serve as a rapid Indicator of UV 
disinfection. 

The current mathematical models' ability to predict the dosages within 
this UV reactor will be compared to actual bacterial reductions to 
develop design criteria for the UV reactor and various wastewaters. 
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ABSTRACT 

The technical and economic feasibility of retrofitting existing 
wastewater treatment plants In Canada for biological phosphorus removal 
was evaluated, with the objective of establishing the type and size of 
facilities which would be most amenable to implementation of these 
technologies. The cost analyses were based on model treatment plants 
having idealized configurations representative of standard design 
practices. Effluent total phosphorus limits of I.O mg/1 and 0.3 mg/1 
were Imposed on the processes for the purposes of the cost comparison. 

The technical review demonstrated that the four biological phosphorus 
removal (EBPR) processes evaluated - Bardenpho, DCT, A/O and Phostrlp - 
were capable of producing a final effluent containing between 1.0 and 
2.0 mg/1 total phosphorus. To consistently achieve effluent phosphorus 
limits of leas than 1.0 mg/1, EBPR processes require some combination 
of effluent filtration and/or supplemental chemical addition. Further, 
it was found that Ideally, EBPR and chemical phosphorus precipitation 
processes should be considered to be complimentary processes which 
should be applied simultaneously to optimize performance and minimize 
the costs of achieving phosphorus control. 

EBPR processes typically Involved higher capital investment than 
chemical precipitation in retrofit situations. However, in 
conventional activated sludge plant retrofits at a hydraulic capacity 
of 36.4 Ml/d, the annual & M costs of all EBPR options with the 
exception of Phostrlp were lower than the & M costs of chemical 
precipitation. Financing the higher capital expenditures associated 
with EBPR processes resulted in generally higher total annual costs for 
these processes than for chemical precipitation. Only A/0 was more 
cost-effective than chemical precipitation based on total annual costs 
in any of the retrofit situations evaluated. 

In new facilities, conventional activated sludge plants Incorporating 
simultaneous chemical precipitation for phosphorus removal were more 
cost-effective based on total annual costs than all EBPR processes 
except A/0. On the basis of annual & M costs, A/0 was generally more 
cost-effective than the conventional plant, and when a 0.3 mg/1 
effluent total phosphorus limit was imposed, all EBPR processes except 
Phostrlp had lower annual & M costs than the conventional plant at a 
hydraulic flow of 13.6 Ml/d or more. 

Conventional activated sludge plants of hydraulic capacity In excess of 
approximately 14 Ml/d were found to be most amenable to EBPR process 
retrofits based on the economic evaluation. However, factors such as 
the existing effluent nutrient limits Imposed on WPCPs, the design of 
existing facilities and the characteristics of wastewaters in Canada 
combing to limit the number of candidates for retrofit of EBPR 
technologies. Circumstances which would lead to more widespread 
Implementation of EBPR processes include the imposition of more 
stringent phosphorus and nitrogen removal requirements, major Increases 
in chemical costs and the development of a greater level of confidence 
In the performance of EBPR processes. 
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ABSTRACT 

This study was undertaken to correlate genotoxicity with variations in 
the Incidence of neoplasia in wild fish populations. The frequency of 
genotoxlc lesions In adults and embryos has yet to be determined. The 
frequencies of grossly visible "tumours" are reported for White suckers 
( Catostorous commersonl ) from Lake Slmcoe and Hamilton Harbour, as well 
as Brown bullheads ( Ictalurus nebulosus ) and Carp ( Cyprinus carpio ) 
from Long Point Bay and Hamilton Harbour. 

White suckers had lip and skin tumours, as well as hyperplastic skin. 
A smaller number of liver and other tumours was also present. Fish 
from Hamilton Harbour had a 58. 3Z Incidence of external lesions, versus 
29% in the fish from Lake Slmcoe. 14% of the fish from Hamilton 
Harbour had liver "lumps", 25% lipid changes, and 6.3% intestinal 
bumps, the fish from Lake Slmcoe having frequencies of 21, 7, and 11.6% 
respectively. 

Gonadal tumours were present in 4/5 of the carp/goldfish hybrids from 
Hamilton Harbour, versus 18/35 from Long Point. No other abnormalities 
were noted in these fish. 

Bullheads possessed both external and liver abnormalities. External 
growths were present in 14% of the fish from Long Point, versus 48% in 
the fish from Hamilton Harbour. The only difference internally was a 
7% frequency of liver lumps in fish from Hamilton Harbour, while none 
were present in the fish fromT^Jc^ Point. 

Histological confirmation of this data is necessary before any valid 
conclusions can be made; however, a hypothesis that the fish from 
Hamilton Harbour are affected by carcinogenic contaminants appears to 
be reasonable, possibly in association with some other as yet 
undetermined factors. It remains to be seen whether such observations 
are of value in predicting the impact of carcinogenic/ genotoxlc 
chemicals on feral fish populations. 
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ABSTRACT 



Aquatic ecosystems and water supplies are exposed to a large number of 
organic contaminants. Traditional chemical-by- chemical toxicity 
testing methods are often too slow and expensive to permit all 
chemicals to be tested. Thus there is an Incentive to estimate or 
predict toxicity from chemical structure using Quantitative Structure 
Activity Relationships (QSARS). 

In this study, acute lethal toxicity tests are being conducted with two 
small crustaceans, Daphnla Magna and Artemia , and the results are 
correlated with the chemicals, properties and structure. The chemicals 
studied Include PCBs, chlorophenols , chlorobenzenes , hydrocarbons, and 
series of nitrogen and sulfur heterocyclic aromatlcs and polynuclear 
aromatic hydrocarbons. 

The results obtained indicate that the acute toxicity of non-polar 
organlcs is primarily controlled by the organism-water partitioning 
characteristics of the chemical, which is a reflection of aqueous 
solubility. Mathematical descriptions of this partitlonlng-toxlcity 
phenomenon are being developed which. It is hoped, will find 
application to the prediction of the toxicity of various chemicals. 

In a complementary study, the photo-Induced toxicity of anthracene to 
Daphnla has been investigated. The results indicate that the primary 
toxicant is an active (probably free radical) species formed in or on 
the organism. 
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ABSTRACT 

Our primary goal is to undertake an Initial review of environmentally 
associated cancers In wild fish populations, and to review the evidence 
that such neoplasms are causally linked to environmental pollutants. 
Specifically, we wish to determine the extent to which alternative 
genetic and Infectious causes have been considered. We also plan to 
consider why many other species of fish exposed to the same polluted 
environment do not exhibit cancers to the extent seen in those affected 
fish which receive most investigative attention. Other goals are to 
characterize early precancerous tissue pathology In target species and 
to determine the biochemical basis of the high susceptibility to liver 
tumors in some fresh water fish. 
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ABSTRACT 

Results of two separate prospective epidemiological surveys at Ontario 
beaches have shown that morbidity rates are higher among swimmers 
than among non-swimmers. Swimmers have been shown to experience 
respiratory ailments most frequently followed by gastrointestinal, eye, 
ear, skin, and allergenic symptoms. 

Concomitant with the epidemiological surveys, water samples were 
collected at the beaches and analyzed for total staphylococci, 
heterotrophic plate count, fecal coliforms, Escherichia coll , fecal 
streptococci, enterococci and Pseudomonas aeruginosa . In all 
investigations of this nature carried out thus far, correlations 
between bacterial levels and incidence of illness among swlnuners and 
non-swimmers have been calculated for single organisms only. For 
example, on our first survey, morbidity among swimmers was shown to be 
related to staphylococcal counts (p<0.001), to fecal coliform levels 
(pO.OOl) and to fecal streptococcal counts (p< 0.016). In this 
study, combinations of organisms such as E. coli , total staphylococci, 
and P. aeruginosa will be incorporated into the multiple regression 
analysis in various mathematical combinations, to determine if multiple 
indicators will be more appropriate as water quality parameters. 
Computer analyses are currently being carried out on the data. 
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ABSTRACT 

Utilizing restriction endonucleases, a method of "gene fingerprinting" 
has been devised. As a molecular epidemiologic tool, the method has 
Important applications In establishing specific epidemiological 
criteria such as defining the sources and routes of transmission of 
infectious agents. 

We have applied the method to outstanding questions related to 
bacterial pollution at the Toronto waterfront. Using total DNA 
extracted from Streptococcal organisms isolated from the feces of 
different animals, humans, water and sediments, we have attempted to 
correlate and match the gene fingerprints from the different sources. 
In this manner, we have attempted to establish the sources of, and thus 
the major contributors to, the overall bacterial pollution prevalent at 
the waterfront. 

At present, the comparison and evaluation of differences and 
similarities in the hundreds of gene fingerprints studied to date has 
been performed manually by the investigators. We have tested a ntjnnber 
of densltometric devices but their resolution capabilities are 
insufficient for distinguishing the multiple banding patterns obtained 
by gene fingerprinting. An alternative method has been studied which 
utilizes a system for automated computer-assisted analysis of gene 
fingerprinting data. We will describe a program that allows one to use 
a small computer equipped with a graphics tablet to scan a gene 
fingerprint by either wet-gel UV-illumlnatlon or white light 
illxjmination. The fingerprints are stored in a form in which they can 
be used later to compile similarities and differences as they relate to 
the different sources of the pollution. 

Our manual results to date have indicated that gene fingerprinting Is 
an extremely powerful tool that is only hampered by the time it takes 
to match and compare volumes of data over time. For example, geese 
contain many unique strains of fecal Streptococcal organisms, as 
determined by their unique gene fingerprints, although there are 
several "families" of these organisms which are extremely common among 
the geese populations. Furthermore, several of these common families 
are also present in water and sediment samples collected in and around 
the Western beaches area, suggesting that geese contribute 
significantly to the overall prevailing bacterial pollution. We are 
also developing DNA probes specific to the fecal Streptococcal 
organisms Isolated from both human and non-human sources in order to 
provide a more sensitive, specific and rapid means of tracing sources 
and to quantitatively determine the total contribution of each source 
to the overall bacterial pollution present at the Toronto waterfront. 



- 40 - 



VALIDATION AND A POSSIBLE RE-ASSESSMENT OF CLAM CAGING EXPERIMENTS 
DSIRG BLLIFTIO COMPLANATUS AS BIOMONITORS FOR TOXIC CONTAMINAHTS IN 
WATER 

Dr. P.D. Hebert, B.W. Muncaster and Dr. C.W. Pugsley 

Great Lakes Institute, University of Windsor 



Key words: Clams, Blomonltorlng, Toxic Contaminants, Bloaccumulatlon, 
Great Lakes. 



ABSTRACT 

A set of experiments was undertaken to examine the effects of cage 
design on the uptake and purging of toxic contaminants by the 
freshwater mussel Elllptlo complanatus . Three types of enclosure 
apparatus were used to obtain comparisons of bloaccumulatlon rates at 
four Lake St. Clair sites, representing a wide range of toxicant levels 
(with respect to PCBs, DCS, lead and cadmium). The enclosures Included 
wire cages (In standard use by MOE), circular corrals 1.25 m In 
diameter (each containing 5 clams) and clams, tethered to a transect 
with monofilament line. Another freshwater mussel, Lampsltls r ad lata 
s l l lquoldea , which Is native to all Great Lakes, was compared to 
Elllptlo by replicating each treatment. 

The study clams were obtained from Balsam Lake, Rosedale, Ontario (for 
Elllptlo ) and Anchor Bay, Lake St. Clair (for Lamps Ills ). Clams and 
sediment samples were taken from each location where enclosures were 
deployed and from clam collection sites to determine background levels. 
The effect of sediment on toxicant uptake was examined using purified 
sand in half of the corrals. 

The first set of clams was deployed In early June and recovered after a 
46-day period. A second set of animals was deployed during the first 
week of September to make possible the examination of seasonal 
variation in contaminant uptake. Other aspects under study Include 
sexual variation and the effect of varying exposure time on 
bloaccumulatlon of toxic contaminants by unlonld molluscs. 
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ABSTRACT 

A monitoring program for the Identification and quantification of 
seml-volatlle, persistent and toxic organic contaminants has been 
undertaken on selected samples of sports fish from the Great Lakes. 
The analytical methodology employed cold acid dissolution of the 
tissue, partition of the organlcs Into solvent, followed by Gel 
Permeation Chromatography for the removal of lipid materials, and 
finally, full scan gas chromatographlc/mass spectrometrlc (GC/MS) 
analysis. In addition to this analysis, negative Ion chemical 
Ionization (NCI) GC/MS analyses were also performed to provide enhanced 
sensitivity for halogenated organlcs below the ^'50 ng/g (ppb) 
detection limit achievable by full scan electron Impact GC/MS. 

Samples of various fish species were collected from near-shore and 
open-lake areas of Lake Ontario, Lake Erie, Lake St. Clair, Lake Huron 
and Lake Superior. Summary data will be reported for the fifty samples 
analyzed and specific conclusions and recommendations based upon these 
data will be presented. 
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ABSTRACT 

A novel analytical method has been developed for routine monitoring of 
trace organlcs In municipal wastewater. The prime objective of this 
work was to design a highly efficient protocol to ensure maximum sample 
throughput and to provide the required accuracy, sensitivity and 
reliability for such analyses. 

Two methods were proposed and investigated in this study, which 
included the thermal stripping technique and the simultaneous in-situ 
acetylation and extraction method for bases, neutrals and phenolic 
compounds. The extraction performance was based on the results from a 
target list of chemical parameters chosen to represent various classes 
of compounds using organic free water, WPCP raw sewage and final 
effluents as test substrates. 

The in-situ acetylation and extraction method was selected after 
preliminary investigation due to its ease of sample processing. Th6 
recoveries of the parameters and their corresponding coefficient of 
variation proved that the overall protocol was comparable, or in most 
cases, better than the EPA method 625. Some of the advantages of this 
method are: 

. Rapid one-step extraction and derlvatization 
No clean-up required 

Better recoveries for phenolic compounds and organochlorine 
pesticides 

Reduced fatty acid interference 

. Better chromatography for phenolic and amino compounds. 



All analyses were performed using a gas chromatograph coupled with a 
mass selective detector. Customized software was developed to generate 
multiple reports from a single analysis and to improve the 
autosequencing flexibility in sample processing and interpretation. 
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ABSTRACT 

The objective of this study was to develop analytical methodology for 
the isolation and Identification of trace organic contaminants present 
In Inorganic water treatment chemicals. This work Included the 
development of extraction techniques In which the organic compounds are 
separated from the largely Inorganic sample matrix. Further separation 
and Identification of the organic compounds In the final extracts was 
carried out using combined gas chromatographlc/mass spectrometrlc 
techniques. 

A wide variety of the chemicals most commonly used In the water 
treatment process were studied. These chemicals are used in processes 
such as coagulation, pH adjustment, corrosion control, water softening, 
and fluoridation. The chemicals studied were classified into two 
distinct groups, each of which required a different extraction 
procedure. Solid samples were extracted using Soxhlet extraction 
techniques, while sample preparation for the aqueous solutions Involved 
liquid-liquid extraction with a suitable organic solvent. 

Compound identifications were made using GC/MS techniques in which two 
ionization modes were employed. Electron impact Ionization was used 
for obtaining structural information, while chemical ionization using 
methane as the reagent gas was used for molecular weight 
determination. 

The organic contaminants which were identified consisted of compounds 
such as: straight-chain alcohols, carboxyllc acids, and alkenes; 
aliphatic and phthalate esters; cyclic ketones, alcohols, and alkenes; 
phenolic compounds and other substituted aromatic compounds; and 
compounds containing nitrogen and/or sulphur. The majority of these 
contaminants are simple hydrocarbons, while chlorinated species are 
virtually absent with only three identified. The total organic content 
in the chemicals studied was found to range between 0.01 and 300 ppm, 
with the majority of these samples containing less than 10 ppm of 
organic contaminants. 
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ABSTRACT 

Research In 1984/85 has concentrated on the occurrence and migration of 
organic contaminants at three landfill sites to determine the 
hydrogeologlcal, geochemlcal and microbiological controls on the 
contaminant distributions. The North Bay and Woolwich plumes occur In 
stratified sands and the New Borden plume occurs In sandy silts. 
Emphasis has been placed upon the relatively mobile organlcs at these 
sites, namely chlorinated one- and two-carbon compounds and 
monoaromatlcs (benzene and substituted benzenes). 

The New Borden plume extends laterally about 150 m from the site and 
trace organic contaminants extend, rather sporadically, throughout at 
least 100 m. Concentrations are temporally variable. Individual 
organlcs are usually less than 1 ppm in the landfill and less than 100 
ppb In the groundwater. 

Temporally and spatially variable organic distributions characterize 
the other plumes as well, identifying the cause of this variability is 
the current emphasis at these sites. Variable Input of contaminants 
from the landfill to the groundwater system exerts a major, but not 
exclusive, control. Detailed coring has been undertaken with the 
development of a reliable coring method. This permits the detailed 
hydros t rat Igraphic/hydrogeologlc studies required to evaluate the 
Influence of variations in flow patterns upon the organic distribu- 
tions. The contributions of variable sorption properties and 
biodegradatlon rates to the variability in contaminant distribution are 
also being evaluated. 

In addition, some unexpected biotransformation is suspected within the 
plume at North Bay. Anaerobic degradation of xylenes and trlmethyl 
benzenes is apparent, for example, and so biotransformation processes 
are being evaluated with representative laboratory experiments. 
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ABSTRACT 

The Gloucester Landfill Is located near Ottawa, Canada, on a northeast 
trending ridge of Quaternary age. The ridge comprises a confined 
aquifer, overlying bedrock, and an unconflned aquifer separated by a 
silt unit which la an effective aqultard. Two Independent Special 
Waste plumes have previously been Identified at the Gloucester 
Landfill: the southeastern plume, migrating In the confined aquifer, 
and the northeastern plume, migrating in the unconflned aquifer. The 
distribution of volatile organic contaminants at the northeastern plume 
site was examined employing a new sampling technique which used 
polypropylene syringes as the collection and storage vessels, and a 
peristaltic pump to bring the leachate to the surface. Laboratory and 
field evaluations of this method have shown that the syringes are poor 
storage containers, and losses (-lOX) of some volatllea occur when 
sampling takes place through a peristaltic pump. Whether these losses 
are due to interactions with the tubing, or the suction of the pump 
bears further investigation. 

Groundwater velocity measurements taken across the study area varied 
considerably (<1 cm/day to 14 cm/day), indicating that the 
heterogeneities of the surflclal sand unit are an Important factor In 
contaminant migration. 

Acetate Ion was the only Identifiable organic acid anion present In the 
leachate, and is measurable only in areas where the Special Waste 
contamination is significant. The distribution of volatile organic 
contaminants and Inorganic anions seems to be related principally to 
the disposal history of the site, and the variable velocity of the 
groundwater. Sorption interactions are not well described by existing 
models, possibly because the organic content of the sediment is low 
(< O.lX). 
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ABSTRACT 

A mathematical decision model, incorporating sampling costs, data 
variability, remedial action costs, and the probability of 
contamination, has been developed for aiding the design of groundwater 
monitoring programs. The monitoring program is for detection-type 
monitoring concerned with observing significant changes in water 
quality, and where remedial action is initiated upon detection. The 
tradeoff between periodic monitoring cost and the increased remedial 
action costs resulting from undetected plume growth Is expressed 
mathematically. The effect on the expected value of the total cost of 
monitoring and remedial action by decision variables, such as the 
frequency of monitoring, is investigated. 



- 48 - 



AK IH-SITU METHOD FOR DETEBMINIRG RATES OF DBHITRIFICATIOH 

IR GROONDWATER 

D.J. Miller, R.W. Glllham and R.S. Starr 
Institute for Groundwater Research, Department of Earth Sciences 

University of Waterloo 



Key words: Denltrlflcation, Groundwater, Nitrates. 



ABSTRACT 

A survey of nitrate concentrations In unconflned aquifers of Southern 
Ontario showed that In areas with shallow water tables, nitrate 
contamination was generally limited to shallow depths below the water 
table. With the water table at greater depths, nitrates were found to 
occur at greater depths In the aquifer. The observed distributions 
have been attributed to the occurrence (or lack of occurrence) of 
denltrlflcation, and It has been suggested that the extent to which 
denltrlflcation occurs depends upon the availability of organic 
carbon . 

Previous studies have shown denltrlflcation to be an Important process 
in some aquifers; however, its occurrence is not entirely predictable, 
and the limiting conditions In the areas where denltrlflcation does not 
occur are not known. An In-sltu method for determining rates of 
denltrlflcation In groundwater was developed. A column is Installed in 
the field through the centre of hollow-stem augers. Water is withdrawn 
from the tester, nitrate, chloride and acetylene are added and the 
solution Is re-lnjected. Chloride acts as a conservative tracer, \*ille 
acetylene serves as a denltrlflcation block, allowing samples to be 
analysed for nitrous oxide, to give a positive indication that 
denltrlflcation is occurring. By determining the rate of nitrate loss, 
or the rate of increase In N2O, rates of denltrlflcation can be 
determined. In addition, nutrients, organic carbon or other additives 
can be used In the injection water to determine their effect on the 
denitriflcatlon process. The device also appears to have potential for 
the in-situ study of other biochemical processes such as blodegradation 
of organic contaminants. 
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ABSTRACT 

Selection of aeration devices for activated sludge treatment plants Is 
usually made on the basis of the equipment costs and the basic 
technological factors: oxygenation capacity and oxygenation economy 
(energy consumption) values provided by the manufacturers of these 
devices. The mixing characteristics and the replacement and 
maintenance requirements for these devices are taken Into consideration 
less often. Environmental factors such as stripping and cooling 
abilities, formation of aerosols, and noise generation are only 
occasionally analyzed. All of these latter factors, In addition to 
their technological meaning, are related to the health problems of 
operational personnel at wastewater treatment plants, and of 
communities In the vicinity of the plants. This study presents a 
comprehensive and systematic analysis and evaluation of all aspects of 
aeration devices to facilitate the selection of these devices for 
specific application. A review of the problems associated with 
different aeration systans is given and a "checklist" for selection of 
aeration systems is formulated. The proper selection process of 
aeration devices for a specific activated sludge treatment facility 
should be a multi-stage exercise. Including (a) client preferences and 
analysis of the selection restrictions due to local factors and factors 
arising from the plant design; (b) equipment pre-selectlon on the basis 
of energy and capital cost considerations; (c) detailed analysis of 
technological factors involved In the operation of the aeration devices 
considered (oxygenation capacity, oxygenation economy and mixing 
performance); (d) detailed analysis of environmental factors 
(stripping, aerosol formation, cooling, and noise generation); and (e) 
final and comprehensive cost analysis of acceptable aeration systems, 
comprising elements added to correct or Improve the technological 
and/or environmental performance of the devices. Each stage of the 
selection process will alter the preferences among the available 
devices and will shorten the list of these devices, but the last stage 
will bring the final recommendations. 
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ABSTRACT 

The composition and nature of a solid waste must be known In order to 
predict the leachlblllty (stabilization) of the waste under a variety 
of environmental conditions. Whereas the more traditional leach test 
reveals the mobility of a substance under only the testing conditions, 
knowledge of the binding of the metal to the solid substrate permits 
the calculation (and confirmation by testing) of metal mobility under 
any postulated environment. In addition, knowledge of other solid 
material may be Important to the reactivity of the waste by setting up 
various chemical buffers, impeding permeation, etc. 

This research. In its initial stages, considers the characterization of 
Industrial waste (in order) from its composition, the chemical partial 
extraction of certain metals. Its mineralogy, its morphology, and the 
specific association of metal to substrate at the micrometer scale. 
The overall major and minor element composition Is obtained by X-ray 
fluorescence and instrumental Neutron Activation Analyses. In 
addition, loss on ignition, total sulfur, and organic/ inorganic carbon 
are analyzed. The sequential extraction follows that of Tessler et al, 
and operationally defines the metal concentrations associated with ion 
exchangeable, carbonate, Fe/Mn oxides, organic, and residual phases. 
X-ray diffraction analysis is used for major elemental analysis to 
reconstruct the crystalline compounds. Both Scanning Electron 
Microscopy (SEM) and Transmission Electron Microscopy (TEM) are used to 
morphologically characterize the waste as to size and crystal Unity, 
and to confirm the mineralogy and association of metal and solid. 
Computer-aided elemental mapping of Images with respect to mineralogy 
further confirms the association of metal and solid substrate. Other 
follow-up measurements include surface area by the BET technique. 

An Industrial foundry waste, a plating waste, and a coal waste are used 
as examples to Illustrate the above techniques and the strengths and 
weaknesses of each procedure. Then some proposals for stabilizing the 
wastes are developed using the accumulated information on the metal- 
substrate associations. 
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ABSTRACT 

The discharge of hazardous liquids to soil, either intentionally or by 
accident, has been the subject of much concern In recent years. 
Attention has focussed upon tracking the liquid on the surface and 
through the soil, assessing the Impact of the Incident on the 
environment and creating a remedial response. 

Since many hazardous liquids are volatile to some degree, concern must 
exist for the movement of hazardous vapours through soil from the spill 
or discharge zone. Very little quantitative information has been 
published about the problem, although reports of volatile contanlnants 
have been reported at some sites. Consequently, work was undertaken to 
develop a theoretical model to provide a means of exploring the nature 
of hazardous vapour movement In soil. 

The model is based on the Darcy and constitutive equations for 
intergranular porous media flow. The equations have been solved 
analytically for simple site situations and numerically with both 
finite difference and finite element methods for more complex spill and 
site geometries. Accommodation has been made for realistic venting of 
the soil surface, variability in soil composition and moisture content, 
multiple source configurations such as "pancakes" on the zone of 
saturation and flexibility in the type of liquid under study. 

The search for field or experimental data to calibrate and verify the 
model has not been successful. However, the model has been used to 
study vapour movement under many possible spill situations through 
simulation. The Impact on vapour transport In soil of liquid type, 
liquid source configuration, soil condition and ground surface 
configuration has been studied and reported upon. 
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ABSTRACT 

This study Involved a review of the literature and other Information 
concerning dust control practices In Ontario, with a view to evaluating 
the potential environmental consequences of those practices. Major 
sources and distributors of dust suppressants were Identified and 
trends in the use of the various materials were Indicated. Presently, 
there are no reported Instances of groundwater contamination as a 
result of dust control practices, though two cases of surface water 
contamination by PCBs have been attributed to the use of waste oil. An 
evaluation of the potential for groundwater contamination is presently 
limited by a lack of detailed chemical data for most of the 
suppressants used. It is clear, however, that waste oil has the 
greatest potential for contaninatlon, while salt brine, in some 
instances, could lead to local contamination of groundwater by 
Inorganic constituents. Though there is no indication that dust 
control represents a serious threat to groundwater quality, in order to 
further resolve the questions, site specific Investigations would be 
required . 



- 53 - 



CODISPOSAL OF INDUSTRIAL AND MONICIPAL HASTES 

D.W. Kirk and M. Lau 
Department: of Chemical Engineering and Applied Chemistry 
University of Toronto 



Key words: Industrial Wastes, Municipal Wastes, Waste Disposal, 
Landfill, Codisposal. 



ABSTRACT 

The use of municipal landfill sites for disposal of certain industrial 
wastes is very attractive because of the availability of disposal sites 
and relatively low disposal costs* The absorption of heavy metals from 
electroplating sludges by municipal refuse would appear to support the 
use of codlsposal practice. However, the effects of the combination of 
industrial and municipal wastes on a long-term basis are not well 
established. 

This project was undertaken to investigate the factors affecting the 
stability of Industrial wastes in a simulated municipal landfill 
environment. Moderately large leach columns under both environmental 
and controlled conditions have been set up. A discussion will be given 
of the short-term laboratory leach test results and the long-term leach 
column experiments. 
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ABSTRACT 

The hydraulic conductivity, k, of Sarnla soils, mixed with pure liquids 
varies from 5 x 10"^ to 1 x 10"^ cm/s as the dielectric 
constant varies form 80 to 2. Permeation of liquids of low dielectric 
constant (benzene, cyclohexane, xylene) through compacted, watei^wet 
samples (k «5 10"^ cm/s at e - 1.0) showed no changes in k, the 
hydrophobic liquids displacing only lOZ of the pore water from 
microchannels In the clays. Sequential permeation, first by alcohol 
{£- 30) followed by a non-polar aromatic yields 10-fold, then 
lOOO-fold, Increases in k. The alcohol apparently acts as a mutually 
soluble association liquid enabling the aromatics to contract the clay 
double layers. 

Current testing of Southern Ontario clays with domestic waste leachates 
shows little effect on k despite significant retardation and fixation 
of potassium. Sterilization and bacterial culturing requirements will 
be discussed. 

Results from preliminary testing of clays using domestic waste leachate 
spiked with known amounts of simple aromatics, with and without alcohol 
as an association liquid, will be presented. In a first attempt to 
define threshold concentrations required to Initiate detrimental 
increases in the hydraulic conductivity of clay barriers. 
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ABSTRACT 

The purpose of this Investigation is to characterize the nature and 
variability of near-surface fractures in clay tills of Southern 
Ontario. To accomplish this, four research sites have been chosen to 
provide a regional as well as geomorphologlcal variation to the clay 
soils. These sites are located in the following: Haldlmand clay plain 
at Nantlcoke, Essex clay plain near Essex, Lambton clay plain near 
Sarnla and Port Stanley till near London. 

The field work component of this research involves digging trenches 
with a backhoe down to depths of 13 feet to permit fracture mapping and 
block sampling, as well as auger drilling and Shelby tube sampling down 
to a maximum depth of 50 feet. The sampling tubes used have an Inside 
diameter of 4.5 Inches. 

The laboratory component of this research Involves various strength and 
deformabillty tests using a triaxlal cell and ralneralogical analysis 
using x-ray diffraction. The trlaxial tests will determine shear 
strengths and stress-strain relationships of the clays In trlaxial 
compression and extension. A hydraulic fracturing method will also 
help determine the tensile strength of the fractured clays In the 
trlaxial cell. 

Comparing fracture orientation data, mlneraloglcal analysis results and 
geotechnlcal properties of the clay soils, a good indication of the 
regional variability and behaviour of near-surface fractures In 
Southern Ontario clays shall be provided. 

The results of this Investigation will be directly applicable in 
assessing the suitability of siting waste disposal facilities in 
surface clay deposits. The behaviour of near-surface fractures during 
construction and their possible role in future contoninant migration 
from waste impoundments shall be better understood. 
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ABSTRACT 

Information obtained on the subject study will be thoroughly reviewed. 
A questionnaire will be prepared and sent to all pharmaceutical 
manufacturers In Ontario . 

The questionnaire will be based on the types of drugs produced, 
processes used, chemical or raw materials used, solid and liquid waste 
produced. There will be questions on the type of wastes (for 
classification purposes), quantities produced and present methods of 
disposal (e.g. treatment facility, handlers, disposal companies). 
There will also be questions concerning the hazardous nature of wastes, 
chemical analysis, inventory labelling, storage, etc. 

Once the questionnaires are mailed, personal interviews will be 
arranged with the companies who do not respond within a definite time, 
to obtain first-hand Information (and perhaps to explain the 
questionnaire if not properly understood. Its purpose, etc.). 

During 1984-85, the main thrust will be to obtain maximum information 
through Interviews and the questionnaire, to establish a data base. 
Inventory requirements and approaches, and also to document regulatory 
policies and requirements pertaining to the industry. 
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ABSTRACT 

EFW Systems Incorporated has built and is currently evaluating the 
performance of a 1 tonne/h municipal solid waste (MSW) pyrolysis unit. 
The feed to the unit consists essentially of shredded MSW combustibles. 
Low energy gas product will be combusted and used both to sustain 
pyrolysis and to produce about 350 Kw of electricity. 

The Ministry of Energy requested the Ontario Research Foundation to 
evaluate the performance of the pyrolysis unit, primarily by 
detemlnlng the composition of the gaseous product and by determinig 
the emission rates of contaminants in the product. Contaminants 
included in the evaluation were: 

particulate matter 

acid gases 

gases 

dioxins and furaiis 

PCBs, chlorobenzenes and chlorophenols 

polycyclic aromatic hydrocarbons 

trace metals 

The purpose in measuring these emission rates was to identify any 
potential environmental hazards associated with generation and use of 
the pyrolyser gases. This Included confirming the emission rates of 
the above contaminants with current environmental standards and 
developing contaminant emission factors. 
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ABSTRACT 

Testing of potentially hazardous chemicals usually requires that they 
be dissolved in a suitable solvent prior to administration, in many 
cases the chemicals are hydrophobic, necessitating the use of organic 
solvents. Unfortunately, in recent years it has become clear that many 
organic solvents interfere with or modify the response of an assay. 
Such solvent effects may Include high solvent toxicity, the introduc- 
tion of solvent derived mutagens or alteration of an assay response to 
known mutagens. In each case, the data obtained are equlvocfuL and of 
questionable utility. Even the use of such popular solvents as DMSO 
has proven unsatisfactory in some assay systons. 

Minimising solvent effects is emerging as a major problem in mutageni- 
city testing. Our approach to the problem has Involved testing a 
variety of natural and artificial oils as potential solvents. Natural 
plant oils, e.g. corn, olive and sunflower, have low toxicity and 
suitable solubility characteristics; however, we have found that there 
remain problems with their use. These problems derive from the aging 
of such oils and their variable composition, in particular the variable 
amounts of minor constituents such as tocopherols which have been shown 
to Interfere with the expression of mutagenicity in several assay 
systems. The use of phamaceutical grades of plant oils does not 
eliminate the problems since pharmaceutical standards allow the inclu- 
sion of modest and variable amounts of the troublesome Ingredients. 
Clearly, if natural oils are to be used internationally, more 
restrictive standards for their composition and use will be required. 
An alternative approach Is the use of synthetic oils which Include none 
of the presumed deleterious ingredients. In this case, the solvent 
composition can be adjusted to provide the best compromise between 
different chemical and physical characteristics. For example, the 
degree of saturation of triglyceride substituted fatty acids affects 
the viscosity, solvent capability and susceptibility to oxidation of 
triglycerides. We will demonstrate the use of such solvents in a 
widely used in vivo assay system. 
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ABSTRACT 

This study concerns the possibility of polychlorodlbenzo-p-dloxina 
(POJD) and polychlorodibenzofurans (PCDF) entering the enviroment 
through the leaching of municipal incinerator flyash into water. The 
study also takes into account the effect of the pH of water on the 
extent of leaching. 

Several methods for simulating the actual conditions by which flyash 
comes into contact with water were investigated. A Soxhlet extraction 
of flyash with water was finally chosen for this leaching study because 
of its simulation of the circulation of water in nature and because of 
its high extraction efficiency. Following the extraction, a simple 
benzene-water partitioning step was used to transfer the organic 
compounds in the water extracts into organic solvent for a subsequent 
GC and GC/HS analysis. Good recovery of FCDD at the 2 ppt level was 
obtained using benzene partitioning. 

The analytical results for water extracts at pH levels of 4, 7, and 10 
show clearly that FCDD and PCDF enter water through leaching. These 
compounds were found In water at the 1 to 400 ppt level. Because of 
these low concentration levels, the reproducibility and accuracy of 
quantitative results were poor. 

The study was extended to identification of other organic compounds 
that were also leached from the flyash into the water extracts. 
Identification of these organic compounds was accomplished using the 
techniques of GC/FID, GC/EIMS, GC/PICIMS and GC/NICIMS. These 
compounds were present at higher concentrations than the FCDD and PCDF 
and many were chlorinated and toxic. At pH 4, a total of 71 compounds 
were found; at pH 7, 64 were found, and at pH 10, 56. 
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ABSTRACT 

In the first phase of this research, present methods of sampling 
waters, especially groundwaters, for subsequent analysis of volatile 
organic contaminants were evaluated. The major sources of bias 
Included well flushing procedures, sorption onto sampling equipment and 
volatilization due to exposure of samples to the atmosphere during 
sampling . 

Following a review of the literature, a series of laboratory 
experiments were conducted which evaluated the bias and variability of 
results when groundwaters are sampled by various techniques. The 
performance of a suction lift system (peristaltic pump) and a gas-drive 
system (triple-tube sampler) were evaluated. Both systems Introduced 
some negative bias (0.8 to 21.6%) but little variability with standard 
deviation of less than lOZ of the mean. Surprisingly, the suction 
lift system induced less volatile-loss than the positive-pressure 
gas-drive system. 

It Is concluded that monitoring programs should be as standardized as 
possible. Requirements for well flushing, in particular, may be 
difficult to establish a priori. For volatile organics, the major 
source of bias appears to be volatilization loss and so a sampling 
system which eliminates this loss will be Investigated in phase two of 
this research. 
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ABSTRACT 

A physical 2-dlmenslonal model using a homogeneous and isotropic sand 
medium, with water as the fluid, was tested to determine the 
effectiveness of tile drain systems in capturing groundwater recharge 
from Infiltrated precipitation. For a landfill, this recharge Is 
leachate. Experiments were conducted for configurations with varying 
hydraulic gradients, position of the tile within the flow field, 
thickness of the flow field, tile spacing and recharge rate. All 
experiments were for the steady state condition. 

Original gradients were established by varying both the recharge rate 
at the upper surface and the hydraulic head in a permeable "aquifer" 
that formed the lower boundary of the model. 

The ratio of flow that bypassed the tile draln(s} to the total recharge 
(Input) to the system (Qa/Qr) is a measure of the efficiency of the 
tile system for leachate collection. 

Graphs of Qa/Qr vs R/Kg (recharge /saturated hydraulic 
conductivity) for different positions of the tile draln(s) and spacing 
of tile draln(B) (Hp/L), show that unless the tile la placed at an 
elevation below the hydraulic head in the aquifer, some water 
(leachate) will bypass the collection system. 

In our model studies, the water table is a consequence of the 
parameters of the medium and the experimental conditions but the 
position of the water table Is not a factor in evaluating the 
performance of the tile draln(s) . 
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ABSTRACT 

This study proposes a numerical approach to evaluate the efficiency of 
leachate collection systems under landfills. It applies a finite 
element model to a 2-D steady-state flow system of variable hydraulic 
parameters and spatial dimensions. 

Results for homogeneous, Isotropic media show that most leachate can be 
collected If an upward gradient exists between the drain level and the 
bottom of the system. If the gradient Is downward, the drains have to 
be closely spaced in order to collect the leachate. Drain performance 
depends also on the rate of recharge to the system which controls, in 
part, the height of the groundwater mound between tiles. Optimum 
recovery Is attained when all leachate Is collected with minimum 
infiltration from regional aquifer water. Further results show that 
natural and artificial anlsotropy or layering in the porous medium can 
increase significantly the perfonnance of a given design. 
Consequently, the presence of such characteristics can be a determining 
factor in the creation of efficient leachate recovery systems. 
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